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The Microbial Biochmi.ca1 P o t e n t i a l  of Two - --
Detent ion-Ret ent ion Marshes i n  t h e  --
Kissimmee River Valley Watershed 
One of the major programs t o  abate t h e  de t e r io ra t ion  of water 
q u a l i t y  i n  t h e  Lake Okeechobee watershed was t h e  addi t ion  of detention- 
r e t en t ion  f a c i l i t i e s .  
The microbial  biochemical p o t e n t i a l  of two d i f  f erne t  detention- 
r e t en t ion  marshes i n  t h e  Kissimee River Valley were examined t o  
determine t h e i r  e f fec t iveness  t o  improve water quality. The k i n e t i c s  
of decomposition and n u t r i e n t  mineral izat ion and ass imi la t ion ,  a s  
mediated by microorganisms, and t h e  enumeration of microorganisms 
capable of u t i l i z i n g  var ious  subs t r a t e s  were studied.  Various commun- 
i t i es  within  each marsh were s tudied during a 2-year period. The 
decomposition r a t e s  of 3 p lan t  subs t r a t e s  were determined. Chit i n  was 
used as a standard f o r  organic decomposition. Chi t in  had s i g n i f i c a n t l y  
higher (p  < 0.05) r a t e s  of decomposition than t h e  p lan t  mate r ia l  i n  a l l  
sites a t  both marshes. Chit i n  decomposition r a t e s  were s i g n i f i c a n t l y  
d i f f e r e n t  (p 0.05) between sites. S ign i f ican t  d i f f e r ences  (p < 0.05) 
i n  rates of decomposition were a l s o  found between t h e  3 p lan t  sub- 
strates. The d i f f e r ence  i n  decomposition r a t e s  f o r  t h e  3 p lan t  sub- 
s t r a t e s  ex is ted  wi thin  sites, as w e l l  a s  between sites. The number of 
microorganisms and t h e  mineral izat ion and ass imi la t ion  r a t e s  were sig- 
n i f  i c a n t l y  d i f f e r e n t  (p < 0.05) between t h e  detention-retention 
marshes. S ign i f ican t  d i f f e r ences  (p < 0.05) i n  numbers of micro- 
organisms and r a t e s  were a l s o  found between s i t e s  wi thin  each marsh. 
The v a r i a t i o n  i n  d e t r i t a l  processing demonstrated t h a t  site- 
s p e c i f i c  dynamics occurred i n  t h e  de t  ent  ion-retent ion marshes. Higher 
decomposition rates were associa ted with sediment sites containing 
organic mat te r  with e i t h e r  a contiau.aus, shallow f low of water o r  
a l t e r n a t e  aretldry periods. Decompositioa rates were lowest a t  sites 
containing sandy sediments, and d r y  s o i l  sites without a flow of 
water. Higher aerobic  and anaerobic b a c t e r i a l  a c t i v i t y  was a l s o  
associa ted wi th  sediment sites containing organic matter  wi th  e i t h e r  
a continuous, shallow flow of water o r  alternate wetidry periods.  
Higher fungal  a c t i v i t y  was associa ted with dry s o i l  sltes. High 
fungal  a c t i v i t y  was a l s o  associa ted with a l t e r n a t e  wet/dry sediment 
sites, but only during dry periods.  Microbial a c t i v i t y  was lowest a t  
sites containing sandy sediments and i n  water columns. 
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A t  f i r s t  men t r y  with magic charms 
To f e r t i l i z e  t h e  earth, 
TO' keep t h e i r  f locks and herds from haw 
And bring new young t o  birth. 
Then t o  capricious gods they turn 
To save from f i r e  o r  f lood; 
Their smoking s a c r i f i c e s  burn 
On a l t a r s  red with blood. 
Next bold philosopher and sage 
A s e t t l e d  plan decree 
And prove by thought or  sacred 
What Nature ought t o  be. 
But Nature smiles-a Sphinx-like smile 
Watching t h e i r  l i t t l e  day 
She waits  i n  patience f o r  a while- 
Their plans dissolve away. 
Then come those humbler men of heart  
With no completed scheme, 
Content t o  p lay  a modest pa r t ,  
To t e s t ,  observe, and dream. 
T i l l  out of chaos come i n  s ight  
Clear fragments of a Whole; 
Man, learning Nature's ways ar ight  
Obeying, can control .  
William C. Dampier 
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LfTSEUTWE REVIEW 
Problem Statement and Pwrpose of Study 
. - - 
. I I_._ , - . - 
The management systtems has been one of the 
major t a r g e t s  of envik . waagers for several 
decades. fit s been made t o  i d e n t i f y  and 
develop techniques t o  abate hydrologic md water quality problems, t h e  
e f f e c t s  of d i f f e r e n t  types and amounts of development t o  environments 
have not always been perceived. 
Programs were developed which l e d  t o  the widening, deepening, 
cu lver t ing ,  and leveeing of r i v e r s  and streams. One such program was 
t h e  channel izat ion of t h e  Kissimmee River, which included systems of 
f lood con t ro l ,  flow regula t  ion,  and channel widening and s t ra igh ten ing  . 
This r e s u l t e d  i n  a decrease of marsh wetlands wi thin  the Lake 
Okeechobee watershed. The drained marsh land then became available f o r  
use  a s  pastureland by beef and da i ry  c a t t l e .  A repercussion of these  
e f f o r t s  has been a decrease  i n  t h e  water @ a l i t y  leaving t h e  watershed 
and an increase  i n  t h e  eutrophicat ion of Lake Okeechobee. 
Programs have been i n i t i a t e d  t o  aba te  t h e  d e t e r i o r a t i o n  of water 
q u a l i t y  i n  t h e  watershed. One of t h e  major programs was the addi t ion 
of detention-retent  ion marshes t o  improve water qua l i ty .  Studies  de- 
signed t o  i n v e s t i g a t e  the ef fec t iveness  of such marshes have run con- 
cu r r en t ly  with t h e i r  cons t ruc t  ion.  
The ob jec t ive  of t h i s  study was t o  determine t h e  microbial  bio- 
2 
chemical potential of two detention-retention marshes and to  evaluate 
the capability of each t o  improve water quality. The two marshes are 
located in Ash Slough and Armstrong Slough. The microbial population 
adds signif icantly t o  the improvement of water quality by cycling nu- 
tr ients  in an environment (15). It was hypothesized that both the 
deteminat ion o f  the kinetics  of docovposit ion and nutrient minerali- 
zat ion and assirnilat ion as medist  ed by microorganisms, and the enumer- 
a t  ion of microorganisms capable of u t i l b i n g  various substrates, 
would provide the information necessary to  rslress the re lat ive  effec- 
tiveness of detention-retention marshes t o  iraprove water quality. 
The Influence of Environmental Factors on - - -
Nutrient Removal 
Several physical  and chemical f ac to r s  a f f e c t  microbial growth and 
consequently influence t h e  r a t e s  of nut r ien t  removal i n  t h e  environ- 
ment. Temperature, dissolved oxygen, pH, water a v a i l a b i l i t y ,  and or- 
ganic and inorganic nu t r i en t  concentrat ions control  t h e  growth of 
microorganisms. 
Temperature influences t h e  k ine t i c s  of biochemical reac t  ions i n  
aquat ic  and t e r r e s t r i a l  environments. Microbial growth occurs from 
0 -12 C t o  88O~,  with several  species of microorganisms exhibit ing opti-  
mum growth between 2 0 ' ~  and 2 5 ' ~  (15). Temperature a l s o  a f f e c t s  gas 
s o l u b i l i t y  i n  aquatic environments. Dissolved O2 and CO influences 
2 
t h e  oxygen a v a i l a b i l i t y  and t h e  pH of aquat ic  environments. 
Dissolved oxygen i s  required f o r  aerobic microbial decomposition 
and mineralization (6) . Mineralization r a t e s  a r e  higher i n  environ- 
ments where oxygen is more ava i lab le ,  and lower i n  s o i l s  and sediments 
\ 
i f  decreased oxygen concentrat ions a r e  present (6) . 
The pH of an environment a f f e c t s  t h e  s o l u b i l i t y  and t h e  availa- 
b i l i t y  of several  b io logica l ly  5mportant nut r ien ts .  The s o l u b i l i t y  of 
metals increases a t  lower pH values. A t  normal plI values,  aluminium 
and i ron  a r e  i n  t h e  insoluble  hydroxide form, whereas magnesium and 
manganese a r e  i n  a soluble form (15). Although a soluble  form of min- 
e r a l s  is  readi ly  usable by microorganisms, t h i s  form is  leached more 
rapidly from t h e  environment than t h e  insoLuble form. The s o l u b i l i t y  
of gases is  a lso  influenced by pH. Between pH 6 and 8,  bicarbonate 
(HCO-) is  a major form of dissolved C02 and adds t o  t h e  t o t a l  buffering 3 
capacity of an environment (.IS). 
The a v a i l a b i l i t y  of water i n  an environment a f f e c t s  microbial 
mineralization and assimilat ion processes. Water a c t i v i t y  influences 
t h e  s o l u b i l i t y  of nu t r i en t s ,  t h e  transport of nu t r i en t s  in to  c e l l s ,  
and t h e  metabolism of nu t r i en t s  within c e l l s  (15). Increased s o i l  
moisture can so lub i l i ze  nu t r i en t s  and make them more accessible  t o  
microorganisms. 
Low concentrations of inorganic nu t r i en t s  can l i m i t  t h e  growth of 
microorganisms. Low inorganic nu t r i en t  levels may prevent microorgaa- 
i s m s  from concentrating su f f i c i en t  amounts of these  nu t r i en t s  resu l t ing  
i n  a decrease of normal growth r a t e s  and organic nut r ien t  u t i l i z a t i o n  
(15) 
The ESutrophication of Lake Okeechobee - _ _ L  
Lake Okeechobee is  a eutrophic  l a k e  (50). A eutrophic l ake  is  
character ized by high l e v e l s  of n u t r i e n t s  and product ivi ty .  This con- 
d i t i o n  causes a l ake  t o  age a t  a faster rate; i t s  basin  gradually 
f i l l s  wi th  organic and inorganic depos i t s  thus  decreasing t h e  l ake  
depth. This process l eads  t o  a more rap id  disappearance of a l ake  
which, under normal condi t ions ,  would t a k e  hundreds of years.  The 
immediate e f f e c t s  of increased f e r t i l i t y  and product ivi ty  i n  a l ake  
can include a l g a l  blooms, f i s h  k i l l s ,  and increased aquatic weed 
growth. An increased n u t r i e n t  input w i l l  cause a l ake  t o  age a t  a 
f a s t e r  r a t e .  A major por t  ion of t h e  n u t r i e n t s  en te r ing  Lake Okeechobee 
o r i g i n a t e  i n  t h e  Kissimmee River Valley and Taylor Creek-Nubbin Slough 
Basin. Huber et  a l e  C36) determined t h a t  t h e  t o t a l  phosphorus concen- 
t r a t i o n  downstream along t h e  Kissimmee River Valley gradually increased 
-1 
from approximately 0.03 mgeL t o  0.10 m g . ~ - ' .  Allen et a l .  (1975) (3) 
-1 
found ortho-phosphorus concentrat ions as high a s  18.80 mgeL i n  Ot ter  
Creek, a subwatershed i n  t h e  Taylor Creek-Nubbin Slough Basin. Agri- 
c u l t u r a l  land use  i n  t h e  Lake Okeechobee watershed cont r ibu tes  s i g n i f i -  
can t ly  t o  t h e  n u t r i e n t  loading of water flowing i n t o  t h e  lake.  It has 
a l s o  been est imated t h a t  a g r i c u l t u r a l  land use  w i l l  i nc rease  i n  the 
f u t u r e  C79). This w i l l  cause an increase  i n  t h e  n u t r i e n t  loading of 
Lake Okeechobee. 
Causes -- f o r  t b  Eutrophication of - 
Agricu l tu ra l  land use  i n  conjunction with  land drainage systems . 
have r e su l t ed  i n  n u t r i e n t  loading of water i n  t h e  K i s s i m m e e  River 
Valley and Taylor Creek-Nubbin Slough Baain (51). These waters en t e r  
and con t r ibu te  t o  the eutrophic condi t ion of Lake Okeechobee. 
Agr icu l tu ra l  land use --
A s i g n i f i c a n t  amount of t h e  n u t r i e n t s  have t he i r  vrigin i n  t h e  
beef and da i ry  c a t t l e  operat ions  located i n  the uplaads of the 
Kissimmee River Valley and Taylor Creek-Nubbin Slough Basin (51) . 
Manure from beef and d a i r y  c a t t l e  contains  numerous n u t r i e n t s  includ- 
ing: pro te ins ,  nuc le ic  ac ids ,  polysaccarr ides ,  o l igosaccharr ides ,  
l i p i d s ,  and l i gn in .  In  1977, t h e  Kissimmee River Valley and Taylor 
Creek-Nubbin Slough Basin contained approximately 150,000 head of beef 
and da i ry  c a t t l e  (50). It has been est imated t h a t  t h e  da i ry  c a t t l e  
population a lone w i l l  double from 1976 t o  1990. This increase  w i l l  add 
t o  t h e  amount of n u t r i e n t s  en te r ing  t h e  Lake Okeechobee watershed. 
Fur ther ,  f e r t i l i z e r s  appl ied t o  upland pas tures  a l s o  add t o  t h e  total 
n u t r i e n t  load of t h e  sur face  waters ,  
Extensive drainage systems 
Extensive drainage systems a c c e l e r a t e  t h e  runoff of water from t h e  
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f i e l d s ,  thereby increasing and acce le ra t ing  t h e  f lush ing  of c a t t l e  
waste and res idues  from f e r t i l i z e r s  i n t o  receiving waters. The 
extensive  drainage systems constructed t o  increase  and improve pas- 
ture land acreage have decreased the f loodpla in  marsh acreage which 
o r i g i n a l l y  allowed for the sedimentation, f i l t r a t i o n ,  and plant  and 
microbial  u t i l i z a t i o n  of nu t r i en t s .  Thus, they have increased t h e  
n u t r i e n t  load of t h e  waters en te r ing  the Lake Okeechobee watershed. 
In  t h e  Kisslmmee River Valley and Taylor Creek-Nubbin Slough Basin, 
higher phosphorus concentra t ions  are present  i n  sur face  waters from 
a reas  of improved pas tures  than i n  su r f ace  waters from undeveloped 
a reas  wi th  na t ive  vege ta t ion  (3, 36) . Increased channel izat ion i n  
t h e  a r e a  r e su l t ed  i n  higher n u t r i e n t  loading in watera downstream 
from improved pas tures  (9 ,  10, 25, 52). I f  a g r i c u l t u r a l  land use i s  
increased without a reduct  ion of n u t r i e n t  loading i n  Lake Okeechobeet s 
watershed, it w i l l  r e s u l t  i n  an increase  i n  t h e  aging rate of t h e  
lake.  
Det ent ion-Watent ion Marshes 
The value of detent ion-retent ion marshes as a means t o  remove 
nu t r i en t s  from water i s  under invest igat ion.  Several detention- 
r e t en t ion  marsh designs a r e  available for  use; they include corrugated 
stand-pipe risers with stop logs,  -11 f ixed-crest weirs,  t e r r aces ,  
vegetated swales, and low-level dikee. The Ash Slough detention- 
re ten t ion  marsh in Okeechobee County, - ark&%, and t h e  Armstrong 
Slough detention-retent ion marsh i n  Osceala County, Florida,  both 
contain a corrugated stand-pipe r i s e r  (Figs. 1 and 2). There is  a 
d i f fe rence  i n  t h e  amount and sources of water entering the two marshes. 
The Ash Slough marsh is  a wetland storageftreatment , e r ~  receiving 
runoff from improved ag r i cu l tu ra l  land (Fig. 3) . This area is alter- 
na te ly  wet and dry with water flowing during extended periods of ra in-  
f a l l .  The Armstrong Slough marsh is a l a rge r  wetland etorageltreatment 
a rea  receiving runoff from several  sources, including improved agri-  
c u l t u r a l  land, as well a s  other  wetland lparshes (Fig. 3). 
Detention-retent ion marshes a r e  t r a n s i t i o n a l  ecosystems located 
i n  watersheds between t e r r e s t r i a l  and aquat ic  ecosystems. They a r e  
w e t ,  o r  per iodica l ly  w e t ,  dominated by herbs, and have a mineral s o i l  
(22) . Det ent ion-ret ent ion marshes receive a s ign i f i can t  input of 
organic and inorganic matter. They serve as nut r ien t  s inks,  removing 
n u t r i e n t s  from water leaving t h e  marshes, thereby improving t h e  water 
qual i ty .  They function i n  a manner s imilar  t o  lakes  o r  wetlands which 
ed s r md1=pZ@@ 'EL . detention- 
om (51). 

Fig. 2. Cross-section of a low-level dike containing a corrugated 
stand-pipe riser in  a detention-retention wetland. From (51). 

F i g .  3. Diagram of a detention-retention eystaa in which runoff is 
tovtod through marsh wetlande .- <51). 

serve a s  nu t r i en t  s inks .  Nutr ients  enter ing a l ake  may be removed 
through p lan t  uptake and/or may become immobilized through deposi t ion 
i n  t h e  sediments (78). The a b i l l t y  of wetlands t o  absorb and cyc le  
n u t r i e n t s  from water i n  t h e  Kissinnnee River Valley has been reported 
by seve ra l  i nves t iga to r s  (16, 63, 68) . The cycling of carbon, n i t rogen ,  
phosphorus, and sulfur-containing n u t r i e n t s  i n  t e r r e s t r i a l  and aqua t ic  
ecosystems (.Fig. 4) is  an important funct ion of microorganisms 
(21, 65, 69). The a b i l i t y  of a detent ion-re tent ion marsh t o  funct ion 
as an e f f i c i e n t  n u t r i e n t  s ink  is dependent upon t h e  dynamics of t h e  
microbial  populations and t h e  design c h a r a c t e r i s t i c s  of t h e  marsh. 
Decomposition, minera l iza t ion ,  and assirnilat ion are important 
funct ions  of microorganisms. Microorganisms convert n u t r i e n t s  i n t o  
simpler chemical compounds and a r e  responsible  f o r  t r ans fe r r ing  more 
than 80% of t h e  energy between t e r r e s t r i a l  decomposer communities 
(Fig. 5) (47). Microorganisms a l s o  occupy an e a r l y  pos i t i on  i n  t h e  
food chain,  supplying n u t r i t i o n a l  requirements t o  phytoplankton and 
ac t ing  a s  food sources f o r  zooplankton (15). There is l i t t l e  informa- 
t i o n  on t h e  optimization of detent ion-re tent ion marshes t o  remove 
. 
n u t r i e n t s .  An ind ica t ion  of t h e  e f fec t iveness  of a detent ion-re tent  ion 
marsh t o  aba te  po l lu t ion  a s  environmental condi t ions  change could be 
determined by studying decomposition r a t e s  and k i n e t i c s  of n u t r i e n t  
mineral izat ion and ass imi la t ion .  
F i g .  4. Cycle of nutrients in a natural c y From (6). 
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Fig. 5. Energy flow through a natural comunity. From (15). 
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Decomposition --- Rate8 i n t h e  Assessment of 
Substrate. Retenfion Times 
Decomposition is  mediated by a b i o t i c  and b i o t i c  f ac to r s .  Abiotic 
decomposition- i s  a funct ion of p I and chemical actions. Physical  
degradation is dependent on tmperoturc, prec ipa t a t  ion,  r ad i a t i on ,  and 
wind. A l t e r a t i ons  i n  t h e  chemical coraposition are caused by photo- 
oxidat  ion ,  chemo-oxidat ion ,  and hydrolysis. Biot ic  decomposition 
occurs l a rge ly  a s  a r e s u l t  of t h e  a f t i o n s  of microorganisms. Satchel1  
(62) had described decomposition a s  a complex process with r a t e s  de- 
pendent on t h e  composition of t h e  subs t r a t e  o r  l i t t e r  and t h e  charac- 
terist i c s  of t h e  environment. Whittaker (78) s t a t e s  t h a t  t e r r e s t r i a l  
l i t t e r  o r  d e t r i t u s  includes  a l l  dead organic matter:  dead vege ta t ion ,  
dead organisms, and manure. Decomposition r a t e s  w i l l  determine t h e  
e f f ec t iveness  of a community t o  degrade and remove incoming n u t r i e n t s .  
Higher decomposition r a t e s  have been co r r e l a t ed  with higher n u t r i e n t  
u t i l i z a t i o n  r a t e s  (14, 29, 73). These decomposition . r a t e s  determine 
s u b s t r a t e  r e t en t ion  o r  accumulation t i m e s  which ind ica t e  t h e  turnover 
t i m e  of a s u b s t r a t e  i n  an environment. 
I n  s i t u  decomposition rates represent  continuous a c t i v i t y  during -- 
a period of study. These rates have been applied t o  study d i f f e r ences  
i n  t h e  decomposition of var ious  s u b s t r a t e s  i n  varying environments: 
t h e  measurement of a b i o t i c  and b i o t i c  decomposition f a c t o r s  i n  grass- 
land l i t t e r  C73) ; t h e  ca l cu l a t i on  of n u t r i e n t  r e l e a s e  from l i t t e r  i n  
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a f o r e s t  (28); the measurement of allochthonous lea f  l i t t e r  degradation 
i n  a woodland stream (58) ; the descr ip t ion  of d e t r i t a l  dynamics of a 
f o r e s t  (45) ; and t h e  assessment of a b i o t i c  -and b i o t i c  breakdown pro- 
cesses  i n  l i t t e r  of wool& ~ $ 1 0  @) . Decomposition rates have a l s o  
been used by Lumnoara, @t rl. 0$6) t o  f orrrmlate a model of s o l u t e  dy- 
namics i n  l i t te r ,  soil, card 
Rate determining rm~&%&o $,&etive measurements of t h e  
amount of decqarritima &ME* a: 1. Decomposition r a t e s  
have been determined using various rpolll&%t<at 1-w methods. They include 
t h e  ca l cu l a t i on  of reduct ion i n  leaf area (32), and the ca l cu l a t i on  of 
percent decay based on dry weight ( 5 ) .  Various nlathea~atical models 
have a l s o  been used t o  quant i fy  decompositim. H$B&Q~~DI~PI (54) appl ied 
an equation used t o  compute compound interest: 
'4 
I n  Minderman's model, K is t h e  amount of l i t te r ,  KO is fha u~ount of 
l i t te r  a t  t i m e  = 0 ,  P is the decomposition rate, and N is the period of 
time. Hunt (37) modelled litter decomposition as t h e  sum of both the 
l a b i l e  and r e c a l c i t r a n t  decomposing f r ac t ions .  Vossbrinck, et al .  (73) 
recommended applying a formula which modelled decomposition a s  t h e  sum 
of s eve ra l  decomposing f a c t o r s :  
In Vossbrinck's model, Y is  t h e  amount of l i t t e r  a t  time t, X is  t h e  
amount of t h e  decomposing moieties a t  t = 0 ,  e is  the n a t u r a l  log con- 
s t a n t ,  and k is t h e  decay constant .  Olson (.57) used a decay formula t o  
model decomposition with no product ion: 
X 
- 0  
-kt 
- e  . 
X 
Xo 
In ~ l s o n ' s  model, - is  the f r a c t i o n  of dry  weight of t h e  s u b s t r a t e  
xo 
remaining a t  time t ,  e i s  the base of n a t u r a l  logari thims,  and k is t h e  
decay constant .  The decay canstant @) i n  ~ l s o n ' s  model can be used 
t o  determine t h e  "half-life" ( 00693}, and t h e  99% decomposition time 
k 
(4 *605 )  of l i t ter.  The 99% decomposition time provides an ind ica t ion  k 
of t h e  r e t en t ion  time of a s u b s t r a t e  in  a system. Mineralizat ion r a t e s  
of organic  matter can a l s o  be determined using Olson's mathematical 
model. 
L i t t e r  bags have been used extensively  t o  quantify decomposition 
r a t e s  (-5, 1 4 ,  29, 73).  This method measures t h e  i n  s i t u  l o s s  in l i t t e r  -- 
dry weight and was used i n  t h i s  study. Olson' s decomposition model was 
se lec ted  for t h e  ana lys i s  of s u b s t r a t e  decomposition in  this study. 
The Evaluation of an Environment t o  - -- -
U t i l i z e  Nutrients 
The determination of microbial biochemical po ten t i a l s  is important 
i n  ecological  s tudies  of aquat ic  aad terrestrial communities because 
they can provide information on the a b i l i t y  of a community t o  decompose 
and cycle nu t r i en t s  . Decomposition and nu t r i en t  cycling i n  ecosystems 
is a function of microorganisms (21, 65, 6 9 ) .  Higher microbial concen- 
t r a t i o n s  and a c t i v i t y  have been found t o  accompany higher nut r ien t  
u t i l i z a t i o n  r a t e s  C18, 43, 66) . The microbial d ive r s i ty  and a c t i v i t y  
of ecosystems have been studied using microbiological parameters 
(30, 41, 53, 72) .  Test parameters used t o  study ecosystems have in- 
cluded important processess found within t h e  ecosystems (53). The t e s t  
parameters selected f o r  t h i s  study included the enumeration of aerobic 
and anaerobic bac ter ia ,  and fungi capable of mineralizing various 
nu t r i en t s  found within t h e  detent ion-ret ention marshes, and t h e  deter- 
minat ion of mineralization and assimilat ion r a t e s  of various substrates .  
A comparison of t h e  data  from these  parameters would determine the  
potential.  of a community t o  remove incoming nu t r i en t s .  
The enumeration of microorganisms can be accomplished through t h e  
use of various media. Se lec t ive  media and media containing a so le  car- 
bon source, representat ive of important nu t r i en t  s found within the 
det  ent ion-ret en t  ion marshes, were used t o  enumerate microorganisms i n  
t h i s  study. 
The assessment of mineral izat ion and ass imi la t ion  r a t e s  can be 
accomplished through t h e  use  of radioisotope assays. Rate determining 
methods involve t h e  incubation of environmental samples wi th  spec i f ic -  
a l l y  labeled subs t r a t e s .  Actual environmental mineral izat ion and 
ass imi la t ion  rates are determined by incubating samples -- i n  s i t u .  This 
method of quant i fying metabolic rate p o t e n t i a l s  has been applied t o  
numerous comrmunities with t h e  addi t ion  of var ious  rakiolabeled sub- 
s t r a t e s .  These include: [14C]hydrocarbon biodegradation p o t e n t i a l s  
14 of freshwater,  sediments, and roadway runoff (17, 40) ; [ C]lignin 
decomposition i n  s o i l  and soi l -associa ted bac t e r i a  (49, 56) ; 
[32~]phosphate ass imi la t ion  i n  freshwater and space (11, 12) ;  and 
[ 3 5 ~ ] s u l f a t e  minera l iza t ion  i n  anaerobic water samples (67). 
Microbial minera l iza t ion  and ass i rni la t  ion of organic and inorganic 
compounds by environmental samples can be e a s i l y  inves t iga ted  i n  t h e  
laboratory.  A method o f t en  used t o  determine mineral izat ion r a t e s  of 
14  14 
C radiolabeled carbon subs t r a t e s  quan t i f i e s  t h e  amount of 
C02 
14 evolved over a t i m e  i n t e r v a l .  The CO is  trapped i n  an m i n e  solu- 
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t i o n  and counted using s c i n t i l l a t i o n  counting techniques (75). A 
35 method used t o  determine a s s imi l a t i on  r a i e s  of 32P and S radiolabeled 
35 s u b s t r a t e s  measures t h e  uptake of 3 2 ~  and S over a time in t e rva l .  
35 The ass imi la ted  S is counted using sc  i n t  i l l a t  ion count ing techniques 
(75) . Radioisotope assays  are s e n s i t i v e  methods, and they w e r e  used 
t o  determine mineral izat ion and a s s imi l a t i on  r a t e s  i n  t h i s  study. 
SECTION 1 : - THE DECOMPOSITION -- MTES OF CHITIN - AND PUNT MATERIAL - IN 
ASH SLOUGH AND AIMSTRONG SLOUGH DETENTION-RETENTION W S H E S  - -
Rates of decomposition f o r  4 d i f f e ren t  subs t ra tes  were studied by 
placing l i t ter bags containing the subs t ra tes  i n t o  7 s i t e s  a t  t h e  Ash 
Slough detention-retention marsh and 8 sites a t  t h e  Armstrong Slough 
detent ion-retent ion marsh. The 4 subs t ra tes  included c h i t  i n ,  s o f t  rush 
(Juncus ef f usus) , pickerelweed (Pontederia lancedata) , and a mixture 
of 50% sof t  rush and 50% pickerelweed. The 15 sites included dry s o i l ,  
sediment, and water column s i t e s .  "Half-lives1' and 99% decomposition 
times f o r  t h e  subs t ra tes  were calculated using a mathematical model 
described by Olson (57). 
Chitin was used as a standard f o r  organic decomposition. Chitin 
had s ign i f i can t ly  higher (p < 0.05) rates of decomposition than t h e  
plant mater ia l  i n  a l l  sites a t  both sloughs. Chitin decomposition 
rates were s ign i f i can t ly  d i f f e ren t  (p < 0.05) between sites. Signif i- 
cant differences (p < 0.05) i n  r a t e s  of decomposition were a l so  found 
\ 
between t h e  3 plant  substrates .  The difference i n  decomposition r a t e s  
f o r  t h e  3 plant  subs t ra tes  exis ted within s i t e s ,  a s  w e l l  a s  between 
sites. After 15 months i n  Ash Slough, 93% t o  99% of the  c h i t i n  and 
52% t o  82% of t h e  plant  mater ia l  were degraded. After 15 months i n  
Armstrong Slough, 73% t o  99% of t h e  c h i t i n  and 49% t o  72% of t h e  plant 
mater ia l  were degraded. 
Detent ion-ret ent ion systems contain freshwater marshes located i n  
Introduction 
watersheds between t e r r e s t r i a l  and aquat ic  ecosystems. They a r e  i n  a 
posi t ion t o  receive a s ign i f i can t  amount of nu t r i en t s  from surrounding 
ecosystems, 
The Ash Slough and Armstrong Slough det ent ion-retent ion marshes 
receive runoff from improved pastureland containing l a rge  herds of 
beef and dairy c a t t l e .  The manure produced by t h e  c a t t l e ,  a s  well a s  
t h e  f e r t i l i z e r s  applied t o  the  surrounding pastureland and groveland, 
a r e  leached i n t o  surf ace waters which eventually enter  Lake Okeechobee. 
Studies have shown t h a t  high nut r ien t  loads ex is t ing  i n  t h e  Lake 
Okeechobee watershed a r e  due t o  increasing ag r i cu l tu ra l  land use 
(3, 9, 10, 25, 36, 52). The nu t r i en t s ,  i f  not removed from t h e  water, 
w i l l  add t o  t h e  eutrophication of Lake Okeechobee. The purpose of t h e  
2 detent ion-retention marshes is t o  function a s  nu t r i en t  t r a p s  capable 
of removing nu t r i en t s  from receiving waters, which eventually en ter  
Lake Okeechobee. 
Inrmobilizat ion of nu t r i en t s  by microorganisms from decomposing 
plant  mater ia l  has been demonstrated i n  s tudies  of t e r r e s t r i a l  and 
aquat ic  ecosystems (14, 28, 34). However, l i t t l e  work has been done 
t o  determine t h e  e f f ic iency  of nu t r i en t  removal from water leaving 
detent ion-retention marshes. The purpose of t h i s  study was t o  deter-  
mine t h e  r e l a t i v e  e f f ic iency  of t h e  2 marches t o  decompose subs t ra tes  
i n  s i t u  by studying decomposition rates of var ious  types  of communi- -- 
t i es  found within  t h e  2 marshes. This would ind i ca t e  t h e  r e l a t i v e  
e f fec t iveness  of t h e  de ten t  ion-retention marshes t o  biodegrade nu t r i -  
e n t s  and improve water qua l i t y .  The subs t r a t e s  chosen f o r  t h i s  study 
were c h i t i n  and indigenous p l an t  mater ia l .  
The da ta  indicated t h a t  both the Ash Slough and Armstrong Slough 
de t  ent  ion-ret ent  ion marshes contained sites which were very e f f e c t i v e  
i n  decomposing t h e  subs t r a t e s .  Those sites which contained a l ayer  of 
organic d e t r i t u s  o-r had a muck sediment were most e f f ec t ive .  These 
sites contained some vegeta t ion and had a shallow continuous o r  per i -  
odic flow of water. Those sites which were sandy were least e f f ec t ive .  
They contained l i t t l e  organic d e t r i t u s ,  with stagnant water f o r  ex- 
tended per iods  o r  s o i l  without a flow of water and low moisture con- 
t e n t .  The more e f f e c t i v e  sites, a f t e r  15 months, exhibited decomposi- 
t i o n  r a t e s  f o r  c h i t i n  which were approximately th reefo ld  more than t h e  
rates observed a t  t h e  less e f f e c t i v e  sites. The d i f f e r ences  i n  r a t e s  
f o r  t h e  p lan t  material were approximately twofold more than t h e  r a t e s  
observed a t  t h e  less e f f e c t i v e  sites. 
Locat ion and Description - of Detent ion-Retent ion Marshes 
Two de ten t  ion-retent  ion marshes i n  t h e  Lake Okeechobee watershed 
were se lec ted  a s  study a reas .  These marshes were located i n  Ash Slough 
and Armstrong Slough. 
The Ash Slough detention-retention marsh --
The Ash Slough study area (Fig. 6) w a s  i n  Okeechobee County, 
approximately 3% m i l e s  NNW of t h e  town of Bassinger, 
Bluff Road. The marsh received runoff from a di tched,  improved pas ture  
t o  t h e  w e s t  and a sheet  flow from an improved pas ture  on t h e  ea s t .  
Water flowed from t h i s  marsh i n t o  a major branch of Ash Slough and 
eventual ly  entered t h e  Kissimmee River. The year ly  water depth a t  Ash 
Slough ranged from 0 cm during t h e  winter and spr ing dry seasons, t o  
60 cm during t h e  summer and f a l l  w e t  seasons (13). The dominant vege- 
t a t  ion included pickerelweed (Pont eder ia  spp. ) , maidencane (Panicum 
hamitomon), bluestem (Andropogon spp. ) , St .  ~ o h n '  s wort (Hypericum 
spp.) , and grasses  (38). The major so i l ' types  i d e n t i f i e d  i n  t h i s  area 
were fe lda  ponded fine sand, pompano f i n e  sand, and myakka f i n e  sand 
(70) 
Felda ponded f i n e  sand (a ren ic  ochraqualf)  c o n s i s t s  of near ly  
l e v e l ,  sandy s o i l  which is  very poorly drained. This s o i l  occurs i n  
depressions and grassy sloughs,  inundated a major i ty  of t h e  year ,  and 
o v e r l i e s  a n e u t r a l  t o  calcareous  material. Pompano f i n e  sand ( typic  
psammaquent) c o n s i s t s  of near ly  l e v e l ,  deep, poorly drained s o i l ,  




occurring i n  depressions and grassy sloughs. A p r o f i l e  of t h e  s o i l  
shows 3 l aye r s :  t h e  sur face  layer  is  dark gray t o  grayish-brown f i n e  
sand approximately 40 cm deep; t h e  second layer  is  pa l e  brown f i n e  
sand with few t o  s eve ra l  mot t les  t o  a depth of approximately 76 cm; 
and t h e  t h i r d  l aye r  i s  l i g h t  gray f i n e  sand t o  a depth of approximately 
190 cm. The water t a b l e  is  a t  a depth of approximately 51 cm. Myakka 
f i n e  sand (arric haplaquot) c o n s i s t s  of near ly  l e v e l ,  deep, sandy s o i l ,  
occurring i n  broad flatwoods. A p r o f i l e  of t h e  s o i l  shows 3 layers :  
t h e  sur face  l aye r  is  s t rongly  a c i d i c ,  dark-gray f i n e  sand approxim- 
a t e l y  15 cm deep; t h e  second l aye r  i s  l i g h t  gray f i n e  sand t o  a depth 
of approximately 46 cm; and t h e  t h i r d  layer  i s  an organic pan, s t rongly 
a c i d i c ,  weakly amented, dark reddish-brown f i n e  sand t o  a depth of 
approximately 61 cm. The water t a b l e  i s  a t  a depth of approximately 
76 cm. 
The Armstrong Slough de t  en t  ion-ret ent  ion marsh -
The Armstrong Slough study area (Pig.  6) was in  Osceola County, 
Flor ida ,  approxinately 10 m i l e s  south of Lake Kissimmee, immediately 
upstream from t h e  Corps of Engineer s t r u c t u r e  S-65A. This extensively  
channelized a rea  received a l a r g e  por t ion of runoff water from range- 
land,  improved pastureland,  and groveland. The main channel received 
sheet  flow through a ponded a rea  from t h e  southeast .  Water flowed 
from t h e  detent ion-re tent  ion marsh i n t o  t h e  Kissimmee River. The 
year ly  water depth i n  t h e  main channel ranged from 15 t o  90 em, while 
i n  t h e  ponded area it ranged from 15 t o  60 cm (13). The dominant 
vegeta t ion included so£ t rush (Juncus ef  fusus) , Southern watergrass 
(Hydrochloa ca ro l in i ens i s )  , St .  ~ o h n '  s wort (Hypericum spp. ) , pickerel-  
weed (Pont eder ia  spp. ), naidencane (Panicum hemitomon) , and sedges 
(Scirpus spp.) (38). The major 80i l  types  i d e n t i f i e d  i n  t h i s  a r ea  a r e  
samsula series, p l ac id  series, and bassinger series (7 1) . 
SamsuLa series ( f e r r i c  medisapr is t )  c o n s i s t s  of poorly drained 
organic s o i l ,  formed i n  moderately t h i c k  beds of hydrophytic , nonwoody, 
p lan t  remains, wi th  an underlying sandy layer .  This s o i l  occurs i n  
freshwater marshes and normally contains  a water t a b l e  a t  or above t h e  
sediment surf  ace. Placid  s e r i e s  ( typ ic  brumaquept) c o n s i s t s  of near ly  
l e v e l ,  poorly drained sandy s o i l ,  formed i n  t h i c k  beds of sandy marine 
sediments. This s o i l  occurs i n  flatwood depressions and may have sur- 
f ace  water approximately 6 t o  9 months i n  most years.  Bassinger 
series (spodic psammaquent) c o n s i s t s  of near ly  l e v e l ,  poorly drained 
sandy s o i l s ,  formed i n  t h i c k  beds of sandy marine sediments. This 
s o i l  occurs i n  sloughs, along ill defined drainageways, end i n  flat- 
wood depressions,  and may have sur face  'water approximately 6 t o  9 
months in most years.  The water t a b l e  i s  within  25 c m  of the surface  
f o r  2 t o  6 months and between 25 and 76 cm f o r  6 months o r  more 
. 
annually. 
Location and Dmcr ip t ion  of Sample S i t e s  - - 
Seven samples were taken from 4 loca t ions  wi thin  t h e  Ash Slough 
detent ion-re tent ion marsh (Table 1) during each sampling period. The 
samples were taken from t h e  following sites: the dry site; t h e  c a t t l e  
cross ing sites, including a sediment and a water column si te;  t h e  
pickerelweed sites,  including a sediment and a water column si te;  and 
t h e  o u t f a l l  sites, including a sediment and a water column site.  
Eight samples were taken from 5 loca t ions  wi thin  the  Armstrong Slough 
de ten t  ion-retent  i on  marsh (Table 1) during each sampling period.  The 
samples were taken from the following sites: t h e  input water column 
si te;  t h e  dry s i t e ;  t h e  sheet  flow sites, including a sediment and a 
water column site; t h e  mid-slough s i t e s ,  including a sediment and a 
water column site; and t h e  o u t f a l l  sites, including a sediment and a 
water column site. 
The Ash Slough sample sites --
. 
A t  Ash Slough a l l  sample sites except t h e  dry s i t e  were located 
i n  t h e  marsh wetlands (Fig. 7).  The dry si te is i d e n t i f i e d  i n  Fig. 7 
as N. It was i n  an open, grassy p r a i r i e  half encirc led by a palmetto 
hammock. This s i te  was approximately 15 m w e s t  from t h e  marsh edge. 
The s o i l  consis ted of myakka f i n e  sand. T h i s  s i te w a s  observed 
covered with water once, occurring immediately a f t e r  a major storm 
event i n  September 1979. The c a t t l e  cross ing sediment and c a t t l e  
Table 1. Location, description, and code of sample sites i n  
Armstrong Slough and Ash Slough 
Sample S i t e s  
- 
Areas Locat ions  Descriptions Codes 





Out  f a l l  Water Column 
Dry 
Sheet Flow 
S o i l  
S ed imen t 
Mid-Slough 
Out  f a l l  S ed h e n  t 
C a t t l e  Crossing Water Column 
Sediment 
Ash Slough 
Pickerelweed Water Column 
Water Column 
S o i l  




Out f a l l  S ed imen t S 
Fig. 7. Diagram of the sample sites in Ash Slough. 

cross ing water column sites are i d e n t i f i e d  i n  Fig. 7 as 0 and K,  re-  
spect ively .  They were i n  a broad open pa th  approximately 15 m wide. 
The path s t re tched  e a s t  t o  w e s t  across  t h e  marsh and w a s  bordered by 
vegeta t ion on e i t h e r  s i d e ,  with very l i t t l e  vegeta t ion i n  t h e  path. 
The sediment consis ted of pompano f i n e  sand. A very t h i n  l aye r  of 
organic d e t r i t u s  over t h e  sand w a s  neg l ig ib l e  during t h e  w e t  season, 
removed by an increased flow of water. The pickerelweed sediment and 
pickerelweed water column sites a r e  i d e n t i f i e d  i n  Fig. 7 a s  P and L, 
r espec t ive ly .  They were located i n  a densely vegetated marsh a r ea  
dominated l a rge ly  by pickerelweed. The sediment consis ted of f e lda  
ponded f i n e  sand. The o u t f a l l  sediment and o u t f a l l  water column sites 
a r e  i d e n t i f i e d  i n  Fig. 7 a s  S and M, respect ively .  They were located 
approximately 20 rn nor th  of t h e  cu lve r t s  and risers. This loca t ion  
acted as a funnel  receiving water from t h e  c a t t l e  cross ing and pick- 
erelweed loca t ions .  It was approximately 2 m wide, and was bordered 
by grassy p r a i r i e  and palmetto hammocks. The sediment w a s  composed of 
pompano f i n e  sand. 
The Armstronq Slough sample sites - -. 
A t  Armstrong Slough a l l  sample sites were located i n  t h e  marsh 
f lood p l a i n s  o r  the primary d i t c h  ( ~ i g .  8).  The input water column 
s i te  i s  i d e n t i f i e d  i n  Fig. 8 as A. It was an excavated d i t c h  approx- 
imately 3.5 m wide and 1.5 m deep. There was l i t t l e  vegeta t ion on t h e  
channel sediment surface.  The sediment was composed of hard-packed 
sand with  l i t t l e  organic mat ter .  The dry s i te  is  i d e n t i f i e d  i n  Fig. 8 
as E. It was i n  an open, grassy p r a i r i e  bordered by a palmetto ham- 
Fig. 8. Diagram of the  sample sites in Armst 

mock. The s o i l  w a s  composed of t h e  bassinger s o i l  series. This s i te  
was covered with  water once, occurring immediately a f t e r  a major storm 
event i n  September 1979. The sheet  flow sediment and sheet  flow water 
column sites are i d e n t i f  i d  in Fig. 8 as F and B, r espec t ive ly .  They 
were located i n  a densely vegetated marsh a rea  dominated l a rge ly  by 
pickerelweed. The sediment was cornpod . .  
. 
& the s m s u l a  s o i l  series. 
I I 
The mid-slough sediment and mid-sl oo'lmn sites are ident  i- 
f i ed  i n  Fig. 8 a s  G and C ,  respect ively .  They were i n  an open, grassy 
p r a i r i e .  This s i te  was approximately 120 m east of t h e  graded road 
and 30 m south of t h e  primary d i t ch .  The sediment was composed of t h e  
p lac id  s o i l  series. This s i te  w a s  covered with  water during t h e  sum- 
m e r  and f a l l  w e t  season, but remained dry during t h e  winter and spr ing 
seasons. An ear then plug was placed i n  t h e  primary d i t c h  p r i o r  t o  t h e  
sampling d a t e  of August 1980. The plug w a s  located approximately 75 m 
e a s t  of t h e  graded road. The construct ion of t h e  plug caused water t o  
be d iver ted  through t h e  mid-slough s i te  c rea t ing  a permanent wetland 
a t  t h i s  loca t ion .  The o u t f a l l  sediment and water column sites a r e  
i d e n t i f i e d  i n  Fig. 8 as H and D, respec t ive ly .  They were located 
approximately 30 m w e s t  of t h e  c u l v e r t s  and' risers. The sediment was 
composed of hard-packed sand with  l i t t l e  organic matter. 
Materials and Methods -
t h e  
L i t t e r  





i f f  eren 
Slough 
L i t t e r  ban assd 
,t sets of l i t t e r b a g s  - 
sites. The subs t r a t e s  used i n  the 4 litter bag set 
ea i n t o  
s were 
c h i t  in, s o f t  ru sh  (Juncus ef f usus) , pickerelweed CPontegiqria 
l anceola t s )  , and a mixture of 50% so£ t rush and 50X; p&chereXweed. The 
c h i t i n  used i n  the l i t te r  bags was p r a c t i c a l  grade, in s f l a h  form, 
and w a s  broken and s i f t e d  i n  order t o  ob ta in  a p a r t i c l e  s&se ranging 
between 3.0 and 6.0 mm. The p lan t  ma te r i a l  used i n  t h e  l i t ter bags 
was indigenous t o  t h e  study a reas .  Leafs and/or s t a l k s  from l i v e  
p l an t s  of s o f t  rush and pickerelweed were co l lec ted  and returned t o  t h e  
0 
laboratory.  The p lan t  ma te r i a l  w a s  allowed t o  dry a t  55 C for 5 days, 
0 
brought t o  roam temperature (25 C ) ,  and cu t  i n t o  p ieces  approximately 
2.0 t o  2.5 cm in length.  The, l i t t e r  bags were made from 1.0 mm nylon 
mesh, 25.0 x 25.0 cm, and t i e d  wi th  plast ic-coated w i r e .  Two-hundred- 
-1 
seventy-five bags each of c h i t i n  (4.0 g-bag ) , s o f t  rush 
-1 
(2.5 g bag ) , pickerelweed (2.5 g. bag-') , and plant  mixture 
C2.5 g*bag-l) were prepared. The d i f f e r ence  between t h e  weight of t h e  
c h i t i n  and p lan t  material used was due t o  t h e  d i f f e r ence  i n  d e n s i t i e s  
of t h e  mater ia l .  One-thousand-one-hundred s takes  were used t o  hold 
t h e  bags containing t h e  substrates. Stakes were constructed from pre- 
t r e a t e d  p ine  and cu t  t o  approximPltely 40.0 cm i n  length.  One end was 
cu t  a t  an angle  t o  facilitate their placement i n t o  t h e  study sites. 
Each s t ake  had a circular hole 5.0 cm in diameter d r i l l e d  through i t .  
The l i t t e r  bags were contained in the stakes by 1.0 mm p l a s t i c  mesh 
(screening mater ia l )  placed at both opeaings. Eighteen s takes  of each 
s u b s t r a t e  were placed i n t o  each saaple site. The s takes  were posi- 
t ioned so  t h a t  t h e  top of t h e  holes containing the various subs t r a t e s  
were l e v e l  with t h e  t op  of t h e  s o i l  o r  sedbent  surface. Stakes 
placed i n  t h e  water column s i t e s  were posit ioned so t h a t  the bottom of 
t h e  hole  was l e v e l  with t h e  sediment surface .  Thhls allowed the l i t t e r  
bags t o  be i n  contact  with water f o r  a-maximum amount of time. Indi-  
v idua l  s takes  were i d e n t i f i e d  wi th  numbered tags .  Three stakes of 
each subs t r a t e  were randomly removed and returned t o  t h e  laboratory 
during each sampling period.  The bags were removed from the s takes ,  
opened, and extraneous ma te r i a l  such as sand, roo t s ,  and i n s e c t s  
removed. The remaining ma te r i a l  was driiid a t  3 7 O ~ ,  and the dry weight 
0 
measured a t  room temperature (25 C) .  Stakes containing the l i t t e r  
bags were i n  place  a t  each s i t e  by January 15, 1979. The placement of 
t h e  s takes  coincided with  a period during which s o f t  rush and pickerel -  
weed i n  t h e  study a reas  were na tu ra l ly  beginning t o  d i e  and decompose. 
The sampling schedule f o r  t h e  co l l ec t ion  of s t akes  was as follows: 
3 months (4179); 6 months ( 7 / 7 9 )  ; 9 months (10179); 15 months (4180) ; 
19 months (8180) ; and 26 months (3181). 
Decompositipa ya@es a t  Ash Slough _ . - -  
Chit in  was degraded at  a higher rate than t h e  3 plant  subs t r a t e s  
a t  a l l  sites i n  Ash Slough (Figs. 9 t o  12). Chit in  decomposition was 
approximately th reefo ld  greater at  the cattle cross ing sediment and 
c a t t l e  cross ing water column eites, approrintately t h r e e  and one-half- 
fo ld  g rea t e r  at  the pickerelweed sediment, pickerelweed water column, 
and dry sites, and approximately fourfold  g rea t e r  a t  t h e  o u t f a l l  sedi-  
. ment and o u t f a l l  water column sites. 
Chit i n  decomposition r a t e s  a t  Ash Slough 
The c h i t i n  decomposition r a t e s  a t  Ash Slough were lowest a t  t h e  
c a t t l e  cross ing sediment and c a t t l e  cross ing water column sites 
(Table 2) .  The r a t e s  a t  t h e s e  sites were equal.  The c h i t i n  decompo- 
s i t i o n  r a t e s  were highest  a t  - t h e  o u t f a l l  sediment and o u t f a l l  water 
. 
column sites. The decomposition r a t e s  a t  t he se  sites were a l s o  equal.  
There was no s i g n i f i c a n t  d i f f e r ence  (p  > 0.05) i n  decomposition rates 
between t h e  o u t f a l l  sediment and o u t f a l l  water column sites. No sig- 
n i f i c a n t  d i f f e r ences  (p 0.05) i n  decomposition r a t e s  were found be- 
tween t h e  c a t t l e  cross ing sediment, c a t t l e  cross ing water column, 
pickerelweed sediment, pickerelweed water column, and dry sites. 
Chit i n  exhibi ted s i g n i f i c a n t l y  higher (p < 0.05) decomposition rates a t  
both the  o u t f a l l  sediment and o u t f a l l  water column sites when compared 
Fig. 9. Chitin (-@-) and plant material (+) decomposition at  
the c a t t l e  crossing sediment site in  Ash Slough. 

PQ. 10. Chitin (+) and plant  materral ( --)-) decomposit%:d.n"af-- 




F i g .  12. Chitin (+) and plant material C omposit ion at 
the outfa l l  sediment s i te  in Ash 8lew. dm 

Table 2. Decosnposit ion percentages, decomposition constants, and time required 
f o r  decomposition of once-half and 99% of t h e  o r ig ina l  dry weight f o r  ch i t in ,  
s o f t  rush, pickerelweed, and plant  mixture at sites in  Ash Slough 
S i t e s  and 
Substrates 
Time 
Becornposit ion Parameters Parameters (years) 
f kb Half-Lif e 99% 
4.605) 0.693) 
k k 





Cat t le  C r o ~ s i n g  Sediment S i t e  




Cat t le  Crossing Water Column S i t e  
Chit i n  94% 5 8% 1.75 
Soft  Rush 66% +, 4% 0.68 
Pickerelweed 59% & 3% 0.56 
Plant Mixture 63% 2 2% 0.62 
Pickerelweed Sediment S i t e  
Chit in 
Soft  Rush 
Pickerelweed 
Plant Mixture 
Pickerelweed Water Column S i t e  
&it i n  96% 2 9% :1.96 
Soft Rush 68% 2 4% 0.72 
Pickerelweed 57% + 8% 0.53 
Plant Mixture 62% 2 4% 0.61 





Outfal l  Water Column S i t e  




%he percent decomposition was calculated from dry weights a f t e r  a 19-month 
period (2 f 95% confidence l fmi ts)  . 
bThe decoaposition parameter, k,  was calculated from dry weights a f t e r  a 
19-month period w i n g  the  formula x/ro - ewkt . 
t o  t h e  c a t t l e  c ross ing  sediment, c a t t l e  c ross ing  water column, pick- 
erelweed sediment, pickerelweed water column, o r  dry sites. The 
c h i t i n  "half- l ives" and 99% decomposition times a t  t h e  c a t t l e  cross ing 
sediment and c a t t l e  c ross ing  water column sites were 0.40 and 2.63 
years ,  respec t ive ly  . The c h i t  i n  " h l f  - l ivesu  and 99% decomposition 
times a t  t h e  o u t f a l l  sediment and outfa l l .  water column s i t e s  were 
0.22 and 1.44 years ,  respec t ive ly .  The c h i t i n  "half-lives" and 99% 
decomposition t i m e s  a t  both the pickerelweed sediment and dry s i t e s  
were 0.30 and 1.98 years,  respec t ive ly ,  while those  a t  t h e  pickerel-  
weed water column s i te  were 0.35 and 2.35 years ,  respec t ive ly .  
P lan t  s u b s t r a t e  decomposition r a t e s  -- a t  Ash Slough 
The p lan t  s u b s t r a t e  decomposition r a t e s  a t  Ash Slough were lowest 
a t  t h e  c a t t l e  cross ing sediment, c a t t l e  cross ing water column, pick- 
erelweed sediment, and pickerelweed water column sites (Table 2). The 
decomposition r a t e s  a t  t hese  sites were approximately equal. The plant  
s u b s t r a t e  decomposition r a t e s  were highest  a t  t h e  outf  a l l  sediment and 
o u t f a l l  water column sites. The decomposition r a t e s  a t  t h e s e  sites 
were a l s o  approximately equal.  There w a s  no s i g n i f i c a n t  d i f f e r ence  
(p > 0.05) i n  decomposition r a t e s  between t h e  o u t f a l l  sediment and out- 
f a l l  water column sites. No s i g n i f i c a n t  d i f f e r ence  (p > 0.05) i n  de- 
composition rates were found between t h e  c a t t l e  cross ing sediment, 
c a t t l e  cross ing water column, pickerelweed sediment, pickerelweed water 
column, and dry sites. The 3 p lan t  s u b s t r a t e s  exhibi ted s i g n i f i c a n t l y  
higher Cp <. 0.05) decomposition r a t e s  at  the o u t f a l l  sediment and out- 
f a l l  water column sites when compared t o  t h e  c a t t l e  cross ing sediment 
c a t t l e  c ross ing  water column, pickerelweed sediment,  pickerelweed 
water column, o r  d ry  sites. 
The 3 p l a n t  substrates had "half - l i ve sw  averaging 1.13 yea r s ,  and 
99% decomposition times avaragiag 7.55 years  a t  t h e  ca t t le  c ro s s ing  
sediment,  c a t t l e  c ro s s ing  water column, pickerelweed sediment,  and 
pickerelweed water col- sites. Ihe 3 plant s u b s t r a t e s  had "half- 
l ives ' '  and 99% dacompo~ i t i on  tS8pts & t b  dry  site averaging 0.95 and 
6.32 yea r s ,  r e spec t i ve ly ,  while thoee at the o u t f a l l  sediment and out- 
f a l l  water column sites averaged 0.80 and 5.32 years, r e spec t i ve ly .  
Order - of s u b s t r a t e  decomposition rates -- at Ash Slough 
The order  of c h i t i n  decomposition rates determined by comparison 
of 99% decomposition t i m e s  f o r  t h e  sites i n  Ash Slough wete as fo l lows:  
o u t f a l l  sediment (1.37 yrs . )  = o u t f a l l  water column (1.37 yrs.) > dry 
s o i l  (1.98 y r s  . ) = pickerelweed sediment (1.98 y r s  . ) > pickerelweed 
water column (2.35 yrs . )  > c a t t l e  c ro s s ing  sediment (2.63 yrs.) = 
cat t le  c ro s s ing  water column (2.63 yrs . )  . The order  of t h e  means of 
t h e  3 p l a n t  s u b s t r a t e  decomposition rates determined by comparison 
of 99% decomposition t imes  (Fig. 13) for' t h e  sites i n  Ash Slough were 
as fo l lows:  o u t f a l l  sediment (5.30 yrs . )  = o u t f a l l  water column 
(5.30 yrs . )  > dry  s o i l  (6.32 y r s . )  > c a t t l e  c ro s s ing  water column 
(7.47 y r s . )  = pickerelweed water column (7.55 y r s . )  > c a t t l e  c ro s s ing  
sediment (7.62 y r s  .) > pickerelweed sediment (7.80 yrs . )  . 
Fig. 13. 99% plant decomposition of sampling sites at Ash Slough 
and Armstrong Slough. 
99% PLANT DECOMPOSITION 
CATTLE CROSSING 
I 
WATER COLUMN I 
I Armstrong Slough Ash Slough 
. - -  
CATTLE CROSSING 
SEDIMENT 1 U  
MID-SUIUGW WATER COLUMN I 
(ALTERNATE WET/ DRY ) - -  
OUTFALL WATER COLUMN 
MID-SLOUGH SEDIMENT .. I ! . . .  
(ALTERNATE WET/DRY) ~ g $ g g g f g g ~ ~ @ $ g ~ ~ p  ... ... 
OUTFALL SEDTWNT ,~--.~c..-.---...~~~..~~~~~~-..-.-.----- . ...............-.......,....... ::.. ........,. :< .,...,...,................,.,,...... ::::.:.:::: I 
SHEET FLOW WATER COLUMN 1 
(MUCK) 
PI CKERELWEED WATER Cot. -- p----.---------------------..... ... . 
DRY S O I L  
SHEET FLOW SEDIMENT 
(Mum) 
P I  CKEREWEED SEDIMENT 
DRY S O I L  
(SOIL) 1 &...&; ;:p,&.. $&.&..2,g&.& +.:.:& &&$&.&/- ... E.' - v. ..S? a.:. 
YEARS 
Decomposition r a t e s  - a t  Armstrong Slough 
L i t t e r  bags were l o s t  a t  t h e  input and o u t f a l l  locat ions due t o  
severe weather conditions. Therefore, decomposition r a t e s  were not 
determined f o r  those s i t e s .  Chitin was degraded a t  a higher r a t e  than 
t h e  3 p lan t  subs t ra tes  a t  t h e  remaining sites i n  Amstrong Slough 
(Figs. 14  t o  1 7 ) .  Chitin decomposition was approximately twofold 
g rea te r  at the  dry s i te  and mid-slough water column s i t e ,  and approxi- 
mately fourfold g rea te r  a t  the sheet flow sediment, sheet flow water 
column, and mid-slough sediment s i t e s .  
Chit i n  decomposition - a t  Armstrong Slough 
The lowest decomposition r a t e  f o r  c h i t i n  a t  Armstrong Slough was 
a t  t h e  dry s i t e ,  while t h e  highest r a t e s  were a t  t h e  sheet flow sedi- 
ment, sheet flow water column, and mid-slough sediment s i t e s ,  which 
had r a t e s  t h a t  were equal (Table 3). There was no s igni f icant  d i f f e r -  
ence (p  > 0.05) i n  decomposition r a t e s  between t h e  sheet flow sediment, 
sheet flow water column, and mid-slough sediment s i t e s .  No s igni f icant  
d i f fe rence  (p > 0.05) i n  decomposition r a t e s  were found between t h e  
mid-slough water column and dry sites. Chit i n  exhibited s ign i f i can t ly  
higher (p <- 0.05) decomposition r a t e s  a t  t h e  sheet flow sediment, 
sheet flow water column, and mid-slough sediment s i t e s  when compared 
t o  t h e  mid-slough water column o r  dry sites. 
The c h i t i n  "half-Zif e" and 99% decomposition runes a t  t h e  dry 
s i t e  were 0.75 and 4.95 years,  respectively.  The c h i t i n  "half -life1' 
and 99% decomposition t i m e s  a t  t h e  mid-slough water column si te w e r e  
Fig. 14.  Chitin (+) and plant material ( ) decomposition at 
the dry site in Armstrong Slough. 

Fig .  15. Chitin (+) and plant material (+) e&tion at 

Fig. 16. Chitin (+ ) and plant material ( ) decomposition at 
the sheet flow sediment site in Armstrong Slough. 

F i g .  17 .  Chitin (+) and plant material ( +) decomposition at 
the mid-slough sediment s i t e  in  Armstrong Slough. 
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Table 3. Decoaposition parcaitases, C f r a c ~ o s i t i o a  constants, and time required 
fo r  decomposition of orta-W&f &a$ 99% nf the cmrigfnal dry weQht f o r  chi t fn ,  
so f t  rush, pickerelweed, .sd pbmt Pixtrsrs ot s i t e s  i n  Awatrong Slough 
Time 
I ) a c ~ ~ ~ p e i t i a n  Pararaeters Parameters (years) 
za kb ~ a l f   if e 99% 
Sites and 
Substrates 
Dry Soi l  S i r e  
Chit in 
Soft Rush - - . . 
Pickerelweed . ?  y 
Plant Mixture - =  





Sheet Flow Water Colurnn S i t e  








P l m t  Mixture 
Mid-Slough Water Coltrmn S i t e  
Chit fn 86% k 3% 1.25 0.55 3.68 
Soft Rush 72% 2 0% 0.80 0.87 5.76 
Pickerelweed . -  - 5 8 X k 4 %  0.55 1.26 8.37 
Plant Mixture . -. 62% i 4% 0.61 1.54 7.55 
%a percent decomposition m s  calculated from dry weights a f t e r  a lg-moath 
period (3 i 95% confidence limits) . 
'T?m decooposition parmeter ,  k, was calculated from dry weights a f t e r  a 
l9 lonth period using the  formula r/x, eokt . 
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0.55 and 3.68 years  respec t ive ly .  The c h i t i n  "half-livestt  and 99% 
decomposition t i m e s  a t  the sheet  flow sediment, sheet  flow water 
column, and mid-slough sediment sites were 0.21 and 1.37 years ,  re-  
spect  i ve ly  . 
Plan t  s u b s t r a t e  decomposition r a t e s  - a t  Armstrong Slough 
The p l an t  s u b s t r a t e  decomposition rates a t  Armstrong Slough were 
lowest a t  t h e  dry site, and highest  a t  the sheet  flow sediment and 
sheet  flow water column sites (Table 3). The decomposition r a t e s  were 
approximately equal  a t  the sheet  flow s i t e s .  There w a s  no s i g n i f i c a n t  
d i f f e r ence  (p > 0.05) i n  decomposition r a t e s  between t h e  sheet  flow 
sediment and sheet  flow water column sites. No s i g n i f i c a n t  d i f f e r ence  
(p > 0.05) i n  decomposition r a t e s  were found between t h e  mid-slough 
sediment, mid-slough water column, and dry sites. The 3 p lan t  sub- 
s t r a t e s  exhibi ted s i g n i f i c a n t l y  higher (p < 0.05) decomposition r a t e s  
pared t o  t h e  mid-slough sediment, mid-slough water column, o r  dry  
sites. 
"Half-lives" and 99% decomposition t i m e s  of t h e  3 plant  subs t r a t e s  
were a s  follows: the  dry s i te  averaged 1.19 and 7.94 years ,  respec- 
t i v e l y ;  t h e  mid-slough water column s i t e  averaged 1.06 and 7.08 years ,  
respec t ive ly ;  and t h e  mid-slough sediment s i te  averaged 0.98 and 6.49 
years ,  respec t ive ly .  The 3 p lan t  s u b s t r a t e s  had "half-livest '  and 99% 
decomposition times at  the sheet  flow sediment and sheet  flow water 
column sites averaging 0.75 and 4.96 years ,  res$ect ive ly .  
Order - of decomposition rates at Amstrong Slough 
The order  of c h i t  i n  decomposition r a t e s  determined by comparison 
of 99% decomposition times f o r  t h e  sites i n  Armstrong Slough were as 
follows : sheet  f l o w  water column (1.37 y r s  . ) = sheet  flow sediment 
(1.37 yrs.)  = mid-slough sediment (1.37 yrs.) > mid-slough water 
column (-3.68 yrs . )  > dry  s o i l  (4.95 yrs.). The order of t h e  means 
of the 3 p lan t  s u b s t r a t e  decomposition rates determined by comparison 
of 99% decomposition t i m e s  CFig. 13) f o r  the sites i n  Armstrong Slough 
were as follows: sheet flow water column (4.91 yrs.) > sheet  flow 
sediment C5.02 yrs . )  > mid-slough sediment (6.53 yrs.) > mid-slough 
water column C7.23 yrs.)  > d r y  s o i l  (8.02 yrs.). 
Discussion 
Mineralization of organic mater ia l  by microorganisms i n  aquatic 
environments is an e s s e n t i a l  process i n  t h e  cycling and removal of 
n u t r i e n t s  from surface waters. Decomposition of plant l i t te r  is me- 
d ia ted by a b i o t i c  and b i o t i c  fac tors .  Ecological conditions i n  water- 
sheds receiving high amounts of nu t r i en t s  from allochthonous sources 
do not always favor optimum decomposition rates. Brinson (14) found 
s igni f icant  differences i n  decomposition r a t e s  i n  th ree  d i f f e ren t  
conrmunit i e s  within an a l l u v i a l  swamp fo res t .  Detention-retent ion 
marshes t o  enhance t h e  decomposition process have been implemented. 
Information on t h e  capabi l i ty  of these  marshes t o  remove nu t r i en t s  
from water can be obtained by studying the decomposition r a t e s  of 
indigenous plant  mater ia ls  & s i t u .  I n  t h i s  study, sampling s i t e s  
representing various types of communities found within t h e  detention- 
re ten t ion  marshes were examined f o r  t h e i r  a b i l i t y  t o  decompose l i t t e r .  
The r e s u l t s  ind ica te  t h a t  decomposition r a t e s  of d i f f e ren t  s i t e s  can 
be measured exponentially, and a l so ,  t h a t  they vary. 
The reduct ion i n  dry weight of subs t ra tes  i n  l i t t e r  bag decompo- 
s i t i o n  s tudies  of ten  follows a negative exponential curve. Olson (57) 
described equations t o  determine decomposition r a t e s  of decaying 
mater ia l  exhibi t ing negative exponential curves under steady-state 
conditions. Securing mater ia l  i n  l i t te r  bags and measuring d i f f e r -  
e n t i a l  decreases i n  dry weights is  a s i t u a t i o n  i n  which t h e r e  is  
decompostion without produ nd with no l i t te r  added t o  t h e  
decay system. Olson (57) .described an equation f o r  t h i s  type of 
model system: 
X - -kt = e  . 
xo 
X - i s  t h e  f r ac t ion  of d ry  weight of t h e  subs t ra te  remaining a t  time t , 
xo 
e is the base of na tu ra l  logarithms, and k i s  t h e  decay o r  decomposi- 
t i o n  constant. Because the reduction i n  dry weight i s  decsribed a s  a 
function with a negative exponent, t h e  "half-life" of t h e  l i t t e r  may 
be expressed a s  0a693, and t h e  length of time necessary f o r  a 99% k 
4.605 reduction i n  dry weight may be expressed as 
This mathematical model implies t h a t  decomposition in a closed 
system can be represented l o g a r i t h i c a l l y  and t h a t  k w i l l  remain con- 
s t a n t  throughout decomposition. The data  from t h i s  study indica tes  
t h a t  two exponential periods e x i s t :  an i n i t i a l  period (PI) exhibit ing 
higher decay constants;  and a second period (PII) of lower decay con- 
s t a n t s .  Higher i n i t i a l  decay constants have been a t t r ibu ted  t o  
leaching (14, 28). The l ignocel lulose component of t h e  plant  mater ia l  
would compose a major port ion of t h e  remaining l i t te r  during t h e  sec- 
ond period (PII)  . This f r ac t ion  of the plant l i t te r  is  more reca lc i -  
t r a n t  and therefore ,  not a s  rapidly decomposed. Crornack (20) described 
an inverse re la t ionship  between leaf  l i t te r  decomposition r a t e s  and 
l ign in  concentration. Waksman and Gerretsen (74) showed t h a t  the  in i -  
t i a l  l i g n i n  concentration i n  decomposing plant mater ia l  decreased a t  
a s ign i f i can t ly  lower r a t e  when compared t o  ce l lu lose  o r  hemicellulose 
during a 273-day study. They a l s o  found t h e  percent l i g n i n  concantra- 
t i o n  of t h e  remaining d e t r i t u s  increased over 100% by the end of t h e  
same period. The determination of t h e  decay constant using decompo- 
s i t i o n  da ta  from the second exponential period (FII) would more accu- 
r a t e l y  assess t h e  decomposition rate and t h e  re ten t ion  time of t h e  
subs t r a t e  i n  an environment, because t h i s  period r e f l e c t s  decomposi- 
t i o n  of t h e  rate-l imiting f r ac t ion  of t h e  l i t ter .  
The i n i t i a l  period (PI) of rapid decomposition f o r  c h i t i n  and 
plant mater ia l  occurred during t h e  f i r s t  9 months. Chitin decomposi- 
t i o n  a t  a l l  sites ranged from 63% t o  91% during t h i s  period, while 
plant  mater ia l  decomposition ranged from 37% t o  55X.  Decay constants 
a t  a majority of t h e  s i t e s  during t h e  i n i t i a l  exponential period (PI)  
a l s o  exhibited s igni f icant  f luc tua t ions .  This may be due t o  varying 
leaching ra t e s .  Pickerelweed i n  t h e  c a t t l e  crossing sediment s i t e  a t  
Ash Slough exhibited a sevenfold difference i n  decay constants over a 
6month period, representing two sampling dates  . 
Gosz (28) suggested t h a t  t h e  leaching of leaf mater ia l  could be 
corrected by subtract ing t h e  f i r s t  month's weight l o s s  from the  i n i t i a l  
dry weight. H e  then based yearly decay constants on an 11-month 
decomposition period. Got tschalk and Shure (29) a t t r ibu ted  a higher 
i n i t i a l  weight l o s s  t o  leaching and high l eve l s  of soluble organic 
compounds, and calculated decay constants based on a 12-month period. 
The decay constants f o r  c h i t i n  and plant  mater ia l  showed r a t e s  com- 
parable t o  t h e  second exponential period (PII) approximately 15 months 
after t h e  s t a r t  of the experiment. These decomposition rates fo r  
c h i t i n  and plant  mater ia l  were constant through t h e  second period 
(PII) .  No s ign i f i can t  difference existed between t h e  decay constants 
during t h e  last  11-month period a t  a majori ty of t h e  sites. 
Chi t in  was used as a standard i n  t h i s  study t o  compare decompo- 
s i t i o n  p o t e n t i a l s  at the var ious  sites. Cel lulose  has been used by 
var ious  i nves t iga to r s  as an index of organic decomposition condi t ions  
(14, 26, 42 ) . Kormondy (42) and Golley (26) used c e l l u l o s e  shee ts  a s  
a standard i n  decomposition s t u d i e s  and reported low t o  neg l ig ib l e  
decornposit ion rates i n  South Carolina s a i l s ,  Wyoming a lp ine  f o r e s t s  , 
and Puerto Rican r a i n  f o r e s t s .  Brinson (14) a t t r i b u t e d  i r r e g u l a r  
decomposition r a t e s  of t h e  c e l l u l o s e  sheets t o  a decrease i n  sur face  
a r e a  and t o  an increase  i n  fragmentation. Kowondy (42) and Brinson 
(14) have repor ted t h a t  accura te  determination of dry  weights of 
weathered c e l l u l o s e  shee ts  was d i f f i c u l t  due t o  t h e  adsorbtion of 
extraneous ma te r i a l  onto t h e  shee ts .  
Chi t in  i s  a complex nitrogenous polysaccharride synthesized by 
var ious  fungi  and in sec t s .  It is an important s t r u c t u r a l  polymer 
and i s  ubiquitous i n  nature.  Goodrich and F o r i t a  (27) consider t h e  
s t r u c t u r a l  importance of c h i t i n  t o  be second only t o  ce l lu lose .  Fungi 
(Trichoderma) and bac t e r i a  (act  inomycet es and Pseudomonas) are r espon- 
s i b l e  f o r  t h e  decomposition of c h i t i n .  - These organisms comprise a 
s i g n i f i c a n t  pa r t  of t h e  t o t a l  microbial  population i n  s o i l  and water. 
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Hsu (35) enumerated 1.43 x 10 c h i t i n a s e  producing actinomycetes per 
gram of s o i l .  Other i nves t iga to r s  have shown c h i t i n  decomposition t o  
occur i n  var ious  types  of s o i l  and water samples ( 7 ,  23, 44 ). 
The decomposition of c h i t i n ,  a homogeneous polymer, was not ex- 
pected t o  simulate t h e  decomposition of complex p lan t  t i s s u e s .  How- 
ever ,  t h e  use  of c h i t i n  a s  a standard would a l l e v i a t e  some problems 
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associated with t h e  use of ce l lu lose  sheets ,  while remaining a s  sen- 
si t  ive  a s  ce l lu lose  t o  f a c t o r s  influencing decomposition. Cellulose 
sheets  were a l s o  reported t o  undergo complete decomposition within a 
4- t o  9-month period (14, 26). Chitin was completely decomposed a t  
some s i t e s  a t  the  end of 26 months. Analysis of variance indicated 
t h a t  t h e  e f fec t  of spec i f i c  sites on c h i t i n  decomposition was sig- 
n i f i can t  (p < 0.01) a t  Ash Slough and Armstrong Slough. 
Microbial a c t i v i t y  and growth f luc tua tes  with s o i l  moisture (6) . 
Higher decay constants (k = 4.00) have been reported in  t h e  t r o p i c a l  
f o r e s t s  of Ghana where r a i n f a l l  l e v e l s  a r e  high a s  compared t o  lower 
decay constants (k = 0.25) i n  t h e  dryer S ier ra  Nevada mountains of 
California (57). Higher decay constants (k  = 1.04) were observed i n  
organic sediments which had a flow of water during t h i s  study. Lower 
decay constants (k = 0.53) were observed i n  sandy sediments ( l e s s  
organic content) and i n  s o i l s  without a flow of water a t  both Ash 
Slough and Armstrong Slough. 
The highest decomposition r a t e s  were observed in locat ions com- 
posed of muck sediments with a constant shallow flow of water. Chitin 
and plant  mater ia l  decomposition rates _(sediment, water column) i n  
t h e  muck locat ion a t  Ash Slough were s ign i f i can t ly  lower than decom- 
pos i t ion  r a t e s  (sediment, water column) i n  a s imilar  s i te at Armstrong 
Slough. The muck s i te  a t  Armstrong Slough exhibited t h e  highest 
decomposition r a t e s  f o r  c h i t  in and plant  mater ia l .  The lower r a t e s  
a t  Ash Slough can be a t t r i b u t e d  t o  t h e  absence of a continuous flow 
of water. The muck locat ion a t  Ash Slough had standing (stagnant) 
water during 5 out of 6 sampling dates.  Flowing water was ob- 
served during only one sampling da te .  The l ack  of flowing water a t  
t h i s  s i t e  may account f o r  these lower rates. Lentic (stagnant)  en- 
vironments have been aaeociated with decreases i n  dissolved oxygen 
(DO) and ecosystem d i v e r s i t y  (6 ). Reduced DO and spec ies  d i v e r s i t y  
would r e s u l t  i n  lower decampoeition rates as sediments became anaero- 
bic .  Fungi and bacteria are responsible  f a r  t h e  biodegradation and 
mineral cycl ing of p lan t  components such as c e l l u l o s e  and l i g n i n  ( 6 ) .  
Optimum decomposition of p lan t  l i t t e r  is mediated by a d i v e r s e  group 
of organisms requi r ing  an aerobic  environment. Samples from anaerobic 
sediments incubated under optimized aerobic  - i n  v i t r o  condi t ions  have 
been found t o  contain hydrocarbon biodegradation p o t e n t i a l s  equal t o  
samples from aerobic  w e t  s o i l s  incubated under i d e n t i c a l  condi t ions 
(40). However, t h e  same anaerobic sediments when incubated under 
anaerobic condi t ions  showed no hydrocarbon biodegradation po ten t i a l .  
High decomposition r a t e s  (sediment, water column) were a l s o  found i n  
loca t  ions  composed of organic  sediments which were w e t  only during 
per iods of r a i n f a l l .  Chit i n  decmpos i t  ion r a t e s  Csediment , water 
column) a t  t h e  o u t f a l l  l oca t ion  (Ash Slough) were comparable t o  t h e  
h ighes t  r a t e s  observed. This  loca t ion  -had a flow of water only during 
per iods of r a i n f a l l .  The organic sediments a t  t h e  o u t f a l l  l oca t ion  
d id  not have s tanding water. The mid-slough loca t ion  a t  Armstrong 
Slough was a l s o  a l t e r n a t e l y  w e t  and dry ,  depending on r a i n f a l l .  Plant  
ma te r i a l  decomposition rates (sediment, water column) f o r  t h e  a l t e r -  
n a t e  wetidry loca t ions  were lower at Armstrong Slough than  a t  Ash 
Slough. Alternate wetidry sediments a t  both sloughs had equal decom- 
pos i t ion  rates f o r  c h i t i n .  Water flow a t  the  a l t e r n a t e  wet/dry loca- 
t i o n  a t  Armstrong Slough was less frequent than a t  Ash Slough. These 
data suggest t h a t  flowing water in£ luenced decomposition rates. Fur- 
t he r  evidence f o r  t h i s  can be seen by comparing t h e  c h i t i n  decomposi- 
t i o n  r a t e s  f o r  t h e  water column sites a t  t h e  a l t e r n a t e  wet/dry loca- 
t i o n s  a t  both sloughs. The Amstrong Slough a l t e r n a t e  wet/dry water 
column s i te  exhibited decomposition r a t e s  150% greater  than Ash Slough. 
Low decomposition r a t e s  were observed i n  dry s o i l  locations and 
i n  sediments composed of f i n e  sand with l i t t l e  organic material .  The 
dry s o i l  location a t  Armstrong Slough had t h e  lowest decomposition 
r a t e  i n  t h i s  study. I n  comparison, t h e  decomposition r a t e  a t  t h e  dry 
locat  ion a t  Ash Slough was s ign i f ican t ly  higher. This d i f ference may 
be due t o  t h e  proximity of t h e  two locat ions  t o  t he  flow of water 
through t h e  sloughs and t h e i r  respect ive  distance,  both v e r t i c a l l y  
and hor izonta l ly ,  t o  t he  water t ab le .  The dry location a t  Ash Slough 
is  approximately 15 m from t h e  edge of t he  marsh, a s  opposed t o  t he  
dry location a t  Armstrong, which is  approximately 300 m from t h e  
channelized marsh. The elevations of t h e  two dry sites with respect  
t o  t h e  marshes a r e  a l so  d i f f e ren t .  The elevation of t h e  Ash Slough 
dry s o i l  locat ion is approximately 30 cm above the  edge of t h e  marsh. 
The dry s o i l  locat ion a t  Armstrong Slough is grea te r  than one m above 
the surface water on t h e  marsh flood plain.  This d i f ference i n  both 
t h e  v e r t i c a l  and hor izonta l  l o c a t i m  a t  t he  dry s i te  locat ions  may 
account f o r  t h e  di f ference i n  t h e i r  respect ive  decomposition r a t e s .  
The c a t t l e  crossing locat ion a t  A s h  Slough a l so  exhibited low decom- 
posi t ion r a t e s  (sediment, water column). This locat ion is composed of 
a f i n e  sand sediment which had a flow of water only once during t h e  
sampling dates.  Sand, a form of s i l i c a ,  has a weak negative charge 
and a low tendency t o  adsorb and r e t a i n  water and organic matter (15). 
Sandy s o i l s  a r e  more subject t o  leaching than organic s o i l s .  Reice 
(58) a t t r ibu ted  lower decomposition r a t e s  found in  si l t  and sand 
sediments t o  reduced community d ivers i ty  and complexity. 
It has been suggested t h a t  pressure t rea ted  lumber, used in  con- 
s t ruc t ion  of t h e  stakes,  may have inhibited decomposition. Data col- 
lected from comparable s i t e s  show t h a t  differences in  dry weight re- 
duct ion was too var iable  f or  s ign i f ican t  inh ib i t  ion t o  have occurred. 
I f  inh ib i t  ion were evident,  lower and constant dry weight losses  would 
have resulted during the  i n i t i a l  exponential period (PI). 
This study demonetrat ed t ha t  detent ion-retent ion ecosystems do 
possess t h e  po ten t ia l  t o  decompose indigenous plant l i t ter .  Also, t ha t  
d i f fe ren t  communities within these ecosystems vary as t o  t h e i r  a b i l i t y  
t o  mineralize nu t r i en t s  . Nutrient cycling by microorganisms is an 
important process necessary fo r  the  improvement of water quali ty.  
The design of detention-retention marshes can enhance microbial 
decomposition potent i a l s  thus improving water quali ty.  Marshes which 
contain a shallow flow of water over organic sediments would favor 
higher decomposition ra tes .  The continuous flow of water i s  not 
necessary f o r  high decomposition r a t e s ,  a s  long a s  t he  sediments a r e  
maintained in an in termit tent  aerobic condition. Stagnant water should 
not be allowed t o  remain over large  portions of t he  detention-retention 
marsh. This condition would favor low decomposition ra tes .  
SECTION 11: - THE WtATXVE -- 111 SITU MICROBIAL ACTIVITY -- OF ASH SLOUGH - AND 
ARMSTRONG SLOUGH DET"EP7TT ON-RETENTION MARSHES 
Various sites within 2 det  ent ion-ret ent ion marshes were examined 
t o  determine t h e i r  microbial a c t i v i t y .  The microbial a c t i v i t y  a t  7 
s i t e s  i n  Ash Slough and 8 sites i n  Armstrong Slough was determined 
by enumerating microorganislas capable of exhibit ing growth on 37 d i f  - 
fe rent  subs t ra tes ,  and by measuring aerobic mineralization and assim- 
i l a t i o n  r a t e s  using 8 radiolabeled substrates .  The 37 types of media 
were used t o  enumerate aerobic bac ter ia ,  fungi,  and anaerobic bac- 
t e r i a .  The media included 13 se lec t ive  media, 20 media containing a 
so le  carbon source, and 4 control  media. The cont ro ls  included an 
agar water medium and a basal  s a l t s  medium, both with and without 
streptomycin and rose  bengal. The 8 radiolabeled subs t ra tes  included 
[14C]sodium benzoate, P2P]Na2HP04, P5S]Na2S04, and [35S]methionine. 
The 15 sites included dry s o i l ,  sediment, and water column sites. A 
c l u s t e r  ana lys is  technique was used t o  analyze t h e  data .  
The number of microorganisms and t h e  mineralization and assimil-  
a t ion  r a t e s  were s ign i f i can t ly  d i f f e ren t  (p < 0.05) between Ash Slough 
and Armstrong Slough detention-retent ion marshes. Signif icant  d i f f e r -  
ences (p < 0.05) i n  numbers of microorganisms and r a t e s  were a l s o  found 
between sites within each marsh. The heterogeneity of t h e  sites i n  the  
detention-retention marshes was t he  cause f o r  t h e  d i f fe rence  i n  both 
numbers of microorganisms and r a t e s  of mineralization and assimilat ion.  
Associations of enumerated organisms and r a t e s  from each group of 
microorganisms f o r  the 15 s i t e s  were formed by establ ishing 3 c lus t e r s .  
The t o t a l s  of t h e  means of var iab les  i n  each c lus t e r  was used a s  a 
measure of a c t i v i t y .  Cluster 111, which was associated with t h e  high- 
e s t  a c t i v i t i e s  for a l l  3 groups of microorganisms, contained only s o i l  
and sediment s i t e s  fo r  a l l  sampling dates.  Cluster I, which was asso- 
c ia ted  with t h e  lowest a c t i v i t i e s ,  contained a high percent of water 
column sites, f o r  a l l  sampling dates.  The microbial a c t i v i t y  of 
sampling s i t e s  grouped i n t o  c l u s t e r  111 was always greater  than t h e  
a c t i v i t y  associated with t h e  s i t e s  grouped i n t o  c lus t e r  I. Aerobic 
bac te r i a  showed approximately a threefold t o  thirty-threef old increase 
i n  a c t i v i t y  , fungi a s ixfo ld  t o  one-hundred-f orty-onefold increase,  and 
anaerobic bac ter ia  a twofold t o  seventy-twofold increase.  
Int roduct  ion 
Ash Slough and Armstrong Slough are detention-ret  ent  ion marshes 
located i n  t h e  Kissimrmee River Valley watershed. They support d i -  
verse  vege ta t ive  communities, and contain  var ious  s o i l  types  and d i -  
ve r se  microbial  populations. The major vege ta t ive  comun i t  ies iden- 
t i £  i ed  include: maidencane/piekerelweed, St. .John's wort/wiregrass,  
pickerelweed/rush, ca rpe tgrass ,  and rush (38). The dominant s o i l  
types i d e n t i f i e d  include: samsula s e r i e s ,  p lac id  series, bassinger 
s e r i e s ,  pompano f i n e  sand, myakka f i n e  sand, and f e l d a  ponded s o i l  
(70,711 . Both de t  ent  ion-ret ent  ion marshes rece ive  water with high 
n u t r i e n t  loads  from surrounding improved pastureland.  Both detention- 
r e t en t ion  marshes a r e  capable of t rapping n u t r i e n t s  through b io log ica l  
and physical  processes,  thereby improving t h e  qua l i t y  of water leaving 
t h e  marshes. However, both marshes d i f f e r  i n  t h e i r  a b i l i t y  t o  remove 
n u t r i e n t s .  
The purpose of t h i s  study was t o  determine t h e  r e l a t i v e  e f f i -  
ciency of var ious  communities wi thin  each de t  ent  ion-ret en t  ion marsh t o  
e f f e c t  n u t r i e n t  removal. A community containing a d ive r se  microbial  
population would a l s o  contain  d ive r se  metabolic a c t i v i t i e s .  Several  
subs t r a t e s ,  r ep re sen ta t ive  of those  indigenous t o  t h e  marshes, were 
chosen t o  examine t h e  d i v e r s i t y  of metabolic a c t i v i t y .  The sub- 
strates were contained i n  s o l i d  media o r  used a s  radiolabeled iso- 
topes.  The s o l i d  media were used t o  determine t h e  numbers of micro- 
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organisms capable of u t i l i z i n g  a p a r t i c u l a r  subs t ra te .  The radiola-  
beled subs t r a t e s  were used t o  determine metabolic rates. 
Microorganisms are biogeochemical agent s whose func t ions  include : 
weathering and s o i l  format ion;  decomposition of organic remains; 
t ransformation of elements such as ni t rogen,  s u l f u r ,  and i ron ;  and 
primary production of organic matter (15). These microbial  funct ions  
are accomplished by complex metabolic processes. Microbial funct ions  
are o f t en  inves t iga ted  i n  t h e  laboratory using mixed c u l t u r e  systems 
obtained from t h e  environment. Frequently, such inves t iga t ions  a r e  
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designed t o  measure metabolic rate cons tan ts  t h a t  can be used t o  pre- 
d i c t  p o t e n t i a l  metabolic rates i n  t h e  environment. Information on t h e  
e f f i c i ency  of a community t o  remove n u t r i e n t s  could be examined by 
enumerating microbial  populations capable of metabolizing var ious  sub- 
strates and by measuring subsequent mineral izat ion and ass imi la t ion  
r a t e s .  
Aerobic bac t e r i a ,  fungi ,  and anaerobic bac t e r i a  from dry s o i l ,  
sediment, and water column samples were enumerated. Mineralizat ion 
and a s s imi l a t i on  rates were a l s o  measured. The da t a  from these  
s tud ie s  w e r e  examined using a c l u s t e r  ana lys i s .  Cluster  a~ua lys i s  i s  a 
mu l t i va r i a t e  means of analyzing d a t a  by determining t h e  inherent  r e l a -  
t i onsh ips  wi thin  a set of d a t a  points .  The p a r t i t i o n i n g  of da t a  sets 
i s  performed by measuring t h e  re la tedness  between da t a  po in t s ,  and 
then,  by grouping comparable sets of da ta  po in t s  (4).  The data  sets 
i n  t h i s  study were grouped i n t o  3 c l u s t e r s .  The t o t a l  of t h e  means of 
v a r i a b l e s  i n  each c l u s t e r  w a s  used a s  a measure o f  t h e  microbial  ac t iv -  
i t y  assoc ia ted  wi th  t h e  sites grouped i n t o  t h e  c l u s t e r .  This type of 
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ana lys i s  w i l l  a l low f o r  a comparison of sites within each detention- 
r e t e n t  ion marsh, as w e l l  a s  between both detent  ion-retent ion marshes. 
A c l u s t e r  ana lys i s  of sites within a detention-retention marsh would 
group together  those  s i t e s  wi th  s imi l a r  high l e v e l s  of microbial  
a c t i v i t y .  The a c t i v i t y  associated with each c l u s t e r  would se rve  a s  
an ind ica t ion  of the amount of difference between c l u s t e r s .  A c l u s t e r  
a n a l y s i s  of sites from both de ten t  ion-retention marshes would provide 
a comparison of sites between t h e  laarshes, and t h e i r  r e l a t i v e  micro- 
b i a l  a c t i v i t y .  This would i n d i c a t e  t h e  r e l a t i v e  e f fec t iveness  of t h e  
de ten t  ion-ret ent  ion  marshes t o  remove n u t r i e n t s  and improve water 
qua l i ty .  -i= :F 
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The da t a  indicated that both Ash Slough and Armstrong ~ l o u ~ h * ?  
detent  ion-ret ent ion areas had sites which contained microbial  popula- 
t i o n s  capable of u t i l i z i n g  var ious  subs t ra tes .  The highest  microbial  
a c t i v i t y  f o r  aerobic  and anaerobic b a c t e r i a  was observed i n  sites 
which had an organic sediment wi th  a per iodic  flow of water. The low- 
est microbial  a c t i v i t y  was observed i n  water column sites. The high 
est a c t i v i t y  represented by c l u s t e r s  containing aerobic  bac t e r i a  was 
up t o  t h i r t y f o l d  higher than c l u s t e r s  containing t h e  lowest b a c t e r i a l  
a c t i v i t y  . The highest  a c t i v i t y  represented by c l u s t e r s  containing 
fungi  was up t o  one-hundred-forty-twofold higher than c l u s t e r s  con- 
t a i n i n g  t h e  lowest fungal  a c t i v i t y .  The highest  a c t i v i t y  represented 
by c l u s t e r s  containing anaerobic bac t e r i a  was up t o  seventy-twof old  
higher than c l u s t e r s  containing t h e  lowest b a c t e r i a l  a c t i v i t y .  
Materials and Methods -
Sample sites 
Composite s o i l ,  sediment, and water column samples were co l lec ted  
from t h e  Ash Slough and Armstrong Slough Sample sites previously 
described in  Section I. 
Sampling methods 
Samples f o r  t h e  enumeration of organisms and the determination of 
mineral izat ion and a s s imi l a t i on  r a t e s  were co l lec ted  from sites i n  
Ash Slough and Armstrong Slough: Duplicate samples from sites were 
co l lec ted  i n  sterile 1.0 L g l a s s  b o t t l e s .  One of t h e  dup l i ca t e  
samples was used f o r  t h e  aerobic  enumeration of organisms and radio- 
isotope assays ,  while t h e  o ther  w a s  used f o r  t h e  anaerobic enumeration 
of organisms. Numerous a l i q u o t s  from t h e  top 2.5 cm of s o i l  o r  sedi-  
ment were combined t o  form a.composite sample. The s o i l  o r  sediment 
sample w a s  mixed during t h e  co l l ec t ion ' t o  ensure t h e  acqu i s i t i on  of a 
represen ta t ive  sample. Composite water samples were co l lec ted  from 
t h e  water colunm sites by submerging an inver ted b o t t l e ,  opening t h e  
closed l i d ,  and slowly r a i s i n g  and turning t h e  b o t t l e  t o  t h e  sur face  
i n  an upr ight  pos i t ion .  The samples used f o r  t h e  anaerobic s t u d i e s  
w e r e  placed i n  an anaerobic j a r  and t h e  atmosphere reduced with  a 
GasPAK (BBL). A l l  samples were t ranspor ted t o  t h e  laboratory in a 
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c h i l l e d  i c e  cooler .  Upon a r r i v a l  a t  t h e  laboratory,  t h e  anaerobic 
samples were immediately t r ans fe r r ed  i n t o  a Coy Anaerobic Chamber 
(Coy Manufacturing Co . , Ann Arbor, Michigan) . A l l  subsequent manipu- 
l a t  ions  involving t h e  enumeration of anaerobic microorganisms were 
performed i n  t h e  anaerobic chambers u t i l i z i n g  media which were pre- 
reduced f o r  at least t h r e e  days. The i n i t i a l  tenfold  d i l u t i o n  used 
i n  a l l  enumeration s tud ie s  w a s  made by d i l u t i n g  e i t h e r  100.0 m l  of 
water sample o r  100.0 g of s o i l  o r  sediment sample i n t o  900.0 m l  of 
s t e r i l e  0.01% (w/v) peptone water (Dif co) . Subsequent d i l u t i o n s  were 
made by d i l u t i n g  10.0 m l  of the previous d i l u t i o n  with 90.0 m l  of 
sterile 0.01% (w/v) peptone water d i l uen t  . Duplicate p l a t e s  were 
inoculated wi th  0.1 m l  of t h e  respec t ive  d i l u t i o n  and spread onto t h e  
p l a t e s  using standard spread p l a t i ng  techniques. All media were incu- 
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bated a t  room temperature (25 C) f o r  up t o  3 weeks. The inoculated 
media were examined every 24 hours t o  ensure t h a t  t h e  organisms 
growing on t h e  ind iv idua l  media were counted during t h e i r  optimal 
counting period. Bac te r i a l  numbers were expressed a s  colony-forming 
u n i t s  (CFU) per gram of s o i l ,  sediment, o r  per m i l l i l i t e r  of water. 
Various types  of media containing -.a v a r i e t y  of subs t r a t e s  were 
used t o  enumerate microbial  populations a b l e  t o  ae rob ica l ly  and anaer- 
ob i ca l ly  degrade compounds i n  t h e  carbon, n i t rogen ,  phosphorus, and 
s u l f u r  cycles .  Aaronson's (1) basa l  medium was used i n  conjunction 
with 10 d i f f e r e n t  carbon subs t r a t e s ,  each used as a s o l e  carbon 
source. The 10 carbon sources included: benzene, ce l lu lo se ,  c h i t i n ,  
glucose, hexadecane, hemicellulose,  l i g n i n ,  l i p i d ,  pec t in ,  and s t a r ch .  
All 10 media were used t o  enumerate aerobic  bac t e r i a .  Current s tud i e s  
i nd i ca t e  anaerobic degradation of hydrocarbons occurs at  neg l ig ib l e  
rates (8, 76).  Therefore, all .  carbon sources except benzene and hexa- 
decane were used t o  enumerate anaerobic bac te r ia .  The following media 
were used f o r  t h e  enumeration of aerobic  and anaerobic bac t e r i a :  
calcium phytate ,  p lan t  mixture containing Aaronson's basa l  medium, 
skim milk, t o t a l  p l a t e  count, and urea. Rurk's ni trogen-free medium, 
Czapek medium, and Thiobaci l lus  medium were used f o r  t h e  enumeration 
of aerobic  organisms only. Desulfovibrio medium and sulfate-reducing 
medium were used anaerobical ly .  Martin's (48) medium supplemented 
with streptomycin and r o s e  bengal was used a s  t h e  basa l  medium f o r  t h e  
enumeration of fungi.  This basa l  medium was a l s o  used i n  conjunction 
with  t h e  previously mentioned 10 carbon sources,  each prepared as a 
s o l e  carbon source. Media used t o  enumerate fungi  included t h e  fo l -  
lowing : calcium phytate ,  p lan t  mixture containing Mart i n ' s  basa l  
medium, and skim milk. The basa l  s a l t s  media of Aaronson and Martin, 
and an agar-water medium served a s  con t ro l  media f o r  aerobic ,  anaer- 
obic,  and fungal  organisms. A l l  media w e r e  s t e r i l i z e d  and dispensed 
i n t o  sterile p l a s t i c  P e t r i  p l a t e s  (15 x 150 mm) . 
Aaronson ' s basa l  s a l t s  medium 
This medium contained t h e  following reagents:  0.2 g MgSO4.7H20, 
1.0 g NH4N03, 0.05 g -PO4, 0.05 g NaH2P04, 0.1 g NaC1, 0.02 g FeC13, 
0.1 g CeC12,  1.5.0 g agar, and 1000 m l  d i s t i l l e d  water. The pH was 
ad jus ted  t o  7.2 p r i o r  t o  autoclaving.  
Martin's basal  s a l t s  medium 
This medium contained the following reagents  : 0.5  g -PO4, 
0.5 g K HP04, 0.5  g MgSO -7H 0, 1.0 g NH4N03, 0.05 g t echn ica l  grade 
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r o s e  bengal CEastman Kodak Co.), 18.0 g agar ,  30.0 pg streptomycin, 
and 1000 m l  d i s t i l l e d  water. A f i l t e r  s t e r i l i z e d  (0.45 p) so lu t ion  
of streptomycin (3.0 mg.ml-' d i s t i l l e d  water) was prepared. Ten m l  
of t h e  streptomycin so lu t ion  was a s e p t i c a l l y  added t o  t h e  tempered 
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(45 C) , sterile basa l  medium immediately p r i o r  t o  pouring t h e  p l a t e s .  
The pH w a s  adjusted t o  7.2 p r i o r  t o  autoclaving. 
Benzene medium 
This medium was used t o  enumerate aerobic  bac t e r i a  and fungi  
capable of u t i l i z i n g  benzene a s  a s o l e  carbon source. Immediately 
p r i o r  t o  inoculat ion with  a sample, 3 drops of f i l t e r  s t e r i l i z e d  
(0.45 p) nanograde benzene (Mallinckrodt) were a s e p t i c a l l y  spread onto 
t h e  appropr ia te  basa l  s a l t s  medium. Because benzene is v o l a t i l e ,  a 
5.0 cm c a p i l l a r y  t ube  was f i l l e d  with benzene every 24 hours and asep- 
t i c a l l y  placed i n t o  t h e  top  of t h e  inver ted P e t r i  plate during incuba- 
t i o n .  This provided t h e  organisms with a continuous supply of benzene. 
Cel lulose  medium 
This medium was used t o  enumerate aerobic  and anaerobic bac t e r i a ,  
and fungi  capable of u t i l i z i n g  c e l l u l o s e  as a s o l e  carbon source. It 
contained 10.0 ~ J ~ L - '  (w/v) of powdered c e l l u l o s e  (Difco) . Because 
c e l l u l o s e  i s  inso lub le ,  it w a s  necessary t o  inocula te  t h e  sample i n t o  
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a t e s t  tube (16 x 125 m) containing 10.0 m l  of tempered (45'~).  
melted c e l l u l o s e  basal  salts medium. This was vortexed t o  ensure 
proper mixing of t h e  sample and subs t r a t e ,  and poured i n t o  a P e t r i  
p l a t e  (15 x 150 m) containing a t h i n  l aye r  of similar basa l  salts 
medium. The use  of t h i s  method i n  conjunction with a p a r t i c u l a t e  
s u b s t r a t e  capable of p r e c i p i t a t i n g  i n  so lu t ion ,  provides an optimum 
amount of contact  between organism and subs t r a t e .  Because of t h e  
excessive amount of heat  needed t o  melt t h e  agar i n  t h e  test tubes ,  
t h e  streptomycin had t o  be added t o  tempered (45O~) Martin 's  basa l  
medium containing an in so lub le  carbon source immediately p r i o r  t o  
inoculat ion with t h e  sample. The pH was adjusted t o  7.2 p r i o r  t o  
autoclaving . 
Chit i n  medium 
This medium was used t o  enumerate aerobic  and anaerobic bac t e r i a ,  
and fungi  capable of u t i l i z i n g  c h i t i n  a s  a s o l e  carbon source. It 
contained 10.0 g * ~ - l  (w/v) of p r a c t i c a l  grade c h i t i n  (Matheson, 
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Coleman, and B e l l  Co.) , " h i c h  had been  ground i n  amWiley M i l l  through 
a b80 mesh p r i o r  t o  use. Chi t in  i s  a l s o  an inso lub le  subs t ra te .  It 
w a s  prepared and inoculated i n  t h e  same manner a s  described f o r  t h e  
c e l l u l o s e  medium. 
Glucose medium 
This medium w a s  used t o  enumerate aerobic  and anaerobic bac t e r i a ,  
and fungi  capable of u t i l i z i n g  glucose a s  a s o l e  carbon source. It 
consis ted of t h e  appropr ia te  basal. salts medium supplemented with 
10.0 m l . ~ - l  of a 50% (w/v) s teri le  so lu t ion  of glucose (Difco). The 
tempered (4s0c), s ter i le  glucose so lu t ion  was added a s e p t i c a l l y  t o  
t h e  tempered ( 4 5 O ~ ) ,  sterile basa l  s a l t s  medium. 
Hexadecane medium 
This medium was used t o  enumerate aerobic  bac t e r i a  and fungi  
capable of u t i l i z i n g  hexadecane a s  a s o l e  carbon source. Immediately 
p r i o r  t o  inoculat ion with  a sample, 3 drops of sterile p r a c t i c a l  
grade hexadecane (Eastman Kodak Co .) were aaept i c a l l y  spread onto t h e  
appropr ia te  basa l  salts medium. 
Hemicellulose medium 
This medium was used t o  enumerate aerobic  and anaerobic b a c t e r i a ,  
and fungi  capable of u t i l i z i n g  hemicellulose a s  a s o l e  carbon source. 
It contained t h e  appropr ia te  basal  s a l t s  medium supplemented with  10.0 
r n l * ~ - l  of a 50% (w/v) sterile so lu t ion  of hemicellulose. The hemicell- 
u lo se  was an ex t r ac t  of pgckerelweed and s o f t  rush prepared a s  des- 
c r ibed  i n  Fig.  18. The tempered (45 '~) ,  s teri le  hemicellulose so lu t ion  
w a s  added a s e p t i c a l l y  t o  t h e  tempered (45'~) basal  salts medium. 
Lignin medium 
This medium was used t o  enumerate aerobic  and anaerobic bac t e r i a ,  
and fungi  capable of u t i l i z i n g  l i g n i n  as a s o l e  carbon source. It con- 
t a ined  10.0 g m ~ o l  (w/v) of l i g n i n .  The l i g n i n  w a s  an ex t r ac t  of pick- 
erelweed and s o f t  rush  prepared a s  described i n  Fig. 19. It was par- 
t i c u l a t e ,  and prepared as described f o r  t h e  c e l l u l o s e  medium. 
Fig .  18. Hemicellulose extract ion. From (2, 77) . 
Pont eder ia  l anceola t  a (Pickerelweed) and Juncus ef f usus 
(Soft Rush) harvested from Ash Slough and Armstrong Slough 
I 
Dry a t  5 5 ' ~  t o  constant  weight 
I 
M i l l  through 880 mesh i n  Wiley M i l l  
I 
Extract  12  g mil led plant  mate r ia l  i n  soxhlet  




Discard f i l t r a t e  Extract  i n  soxhlet  with 250 m l  benzene: ethanol 
(2:l) f o r  24 hr 
Decant 
Extract  i n  soxhlet  with 250 m l  ethanol f o r  
24 hr  
Discard f i l t r a t e  
Discard f i l t r a t e  Dry a t  23 C f o r  .16 h r ;  add 70 g ext rac ted  p lan t  
ma te r i a l  t o  3.5 1 deionized win te r ;  maintain a t  
75 + O . S ~ C  while s t i r r i n g ;  add 4.2 m l  g l a c i a l  
a c e t i c  ac id  and 52.5 g N a C l O  ; stir for 1 hr ;  
add 4.2 m l  g l a c i a l  a c e t i c  acgd an$ 52.5 g 
NaC102; stir f o r  1 hr ;  cool  t o  23 C; f i l t e r  
through Whatman #2 f i l t e r  paper; wash res idue  
wi th  deionized water on f i l t e r  paper u n t i l  a c id  
f r e e ;  wash res idue  on f i l t e r  paper wi th  300 m l  




Discard f i l t r a t e  
I 
Dry a t  23% f o r  16 h r ;  add 4 1 -(OH) sa tur -  
a t  ed deionized water which has been d80xygenat ed 
with N2 f o r  2 hr; st ir  and coat inue t o  deoxy- 
genate with N ; ex t r ac t  a t  23 C f o r  18-24 h r ;  
maintain pH a8 10 with Ca(0H) ; n e u t r a l i z e  with 
g l a c i a l  a c e t i c  ac id  t o  pH 5; h e r  through 
Whatman 12 f i l t e r  paper; wash res idue  with 300 
mP deionized water 
I I 
Add 1 2  1 ethanol  t o  f i l t r a t e ;  c e n t r i -  Discard p rec ip i t an t  
fuge a t  4080 x g f o r  10 min t o  




Discard f i l t r a t e  
1 
Dry under vacuum a t  2 3 ' ~  f o r  16  h r  
Fig. 19. Lignin extraction. From (2).  
Pontederia lanceolata (Pickerelweed) and Juncus ef fusus 
(Soft Rush) harvested from Ash Slough and Armstrong Slough 
0 I 
Dry at 55 C t o  constant  weight 
I 
M i l l  through 1/80 mesh i n  Wiley M i l l  
I 
Suspend 400 g milled p lan t  mate r ia l  i n  1400 m l  
benz ene : ethanol (2 : 1) 
I 
Reflux a t  75-80'~ f o r  2 hr  
Decant 
I 
Discard f i l t r a t e  Add 1500 m l  ethanol t o  sediment; mix; f i l t e r  
through Whatman 62 f i l t e r  paper; wash res idue  
with 500 m1 ethanol  
t r 
Discard f i l t r a t e  Dry a t  2 3 ' ~  f o r  24 hr;(add 2000 ml deionized 
water; b o i l  f o r  2 h r ;  f i l t e r  through Whatman 
82 f i l t e r  paper; wash res idue  with 500 m l  




Discard f i l t r a t e  Dry a t  2 3 O ~  f o r  4: hr;'add 800 m l  72% (V/V) 
H2S04! stir a t  23  C f o r  2 hr;  add 7 1 deionized 
water, b o i l  f o r  2 h r ;  f i l t e r  through Whatman 
#2 f i l t e r  paper; wash residue with deionized 
water u n t i l  a c id  free 
I 
Discard f i l t r a t e  Dry a t  23'~ f o r  48 h r i i g r i n d  with mortar and 
p e s t l e  
Lipid medium 
This medium w a s  used t o  enumerate aerobic  and anaerobic bac t e r i a ,  
and fungi  capable of u t i l i z i n g  l i p i d  a s  a s o l e  carbon source. Imme- 
d i a t e l y  p r i o r  t o  inoculat ion with  a sample, 3 drops of s t e r i l e  l i p i d  
(Mazola corn o i l )  were a s e p t i c a l l y  spread onto t h e  appropr ia te  basal  
s a l t s  medium. 
Pect in  medium 
This medium w a s  used t o  enumerate aerobic  and anaerobic bac t e r i a ,  
and fungi  capable of u t i l i z i n g  pec t in  a s  a s o l e  carbon source. It 
was prepared by adding a 600.0 m l  concentrated basa l  s a l t s  medium t o  a 
400.0 la1 2.5% (w/v)  pec t in  so lu t ion .  The f i n a l  medium contained basa l  
salts at a concentrat ion l i s t e d  under Aaronson' s or  Mart i n ' s  medium 
and pec t in  at  1 .O% (w/v) . Grade 1 pec t in  (Sigma Chemical Co.) was 
suspended i n  d i s t i l l e d  water wi th  a Waring Blender, t h e  pH adjusted t o  
7.2,  and autoclaved separa te ly  from t h e  basa l  s a l t s  medium. The tem- 
pered (4s0c),  s teri le pec t in  so lu t ion  was a s e p t i c a l l y  added t o  t h e  
appropr ia te  tempered (45'~) , s t e r i l e  basa l  s a l t s  medium. 
Starch medium 
This medium was used t o  enumerate aerobic  and anaerobic bac t e r i a ,  
and fungi  capable of u t i l i z i n g  s t a r c h  as a s o l e  carbon source. It was 
prepared by adding a 600.0 ml concentrated basa l  salts medium t o  a 
400.0 r n l  2.5% (w/v) s t a r c h  solut ion.  The f i n a l  medium contained basal 
s a l t s  a t  a concentrat ion l i s t e d  under Aaronsonts o r   arti in's medium 
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and s t a r c h  a t  1. OX (w/v) . The so lub le  s t a r c h  (Mallinckrodt) was sus- 
pended i n  d i s t i l l e d  water and autoclaved separa te ly  from t h e  basa l  
salts medium. The tempered (4s0c), sterile s t a r c h  so lu t ion  w a s  added 
0 t o  t h e  appropr ia te  tempered (-45 C), s t e r i l e  basa l  s a l t s  medium. 
Plant  mixture medium 
This medium was used t o  enumerate aerobic  and anaerobic bac t e r i a ,  
and fungi  capable of u t i l i z i n g  mil led p lan t  mate r ia l  a s  a n u t r i e n t  
source. Pickerelweed and s o f t  rush was dryed a t  5 5 O ~  and mil led using 
a Wiley M i l l  f i t t e d  with an #8O mash. This plant  material was insol-  
ub le  and it was prepared and inoculated i n  t h e  same manner a s  described 
f o r  t h e  c e l l u l o s e  medium. 
Calcium phy ta t e  medium 
This medium was used t o  enumerate aerobic  and anaerobic bac t e r i a ,  
and fungi  capable of u t i l i z i n g  calcium phytate  a s  a s o l e  phosphorus 
source. It contained t h e  following reagents:  5.0 g calcium phytate ,  
3.0 g NH4N03, 0.5 g MgSO .7H20, 0.5 g NaC1, 0.01 g FeS04, 5.0 g dex- 
4 
t r o s e ,  15.0 g agar ,  and 1000 r n l  d i s t i l l e d  water. The pH was adjusted 
t o  7.2 prior t o  autoclaving.  The fungal  medium was supplemented with 
0.05 g ro se  bengal. After  autoclaving,  once t h e  medium tempered 
(~sOC),  10.0 ml of f i l t e r  s t e r i l i z e d  (0.45 p) streptomycin so lu t ion  
(3.0 mg end-' d i s t i l l e d  water) was added a s e p t i c a l l y  . 
S k h  milk medium --
This medium was used t o  enumerate aerobic  and anaerobic bac t e r i a ,  
and fungi  capable of exh ib i t ing  caseinase  production. It was prepared 
by supplementing a 600.0 m l  concentrated basa l  salts medium with a 
400.0 m l  2.5% (w/v) skim milk so lu t ion .  The f i n a l  medium contained 
basa l  s a l t s  a t  a concentrat ion listed under Aaronson's o r    art in's 
medium and skim milk a t  1.0% (w/v) . The skim milk (Difco) was sus- 
pended i n  d i e t f l l e d  water and autoclaved separa te ly  from t h e  basa l  
salts medium. The tempered (45'~) skim milk so lu t ion  was added t o  the 
appropr ia te  tempered (45 '~)  , sterile basal salts medium. 
Total plate count medium 
This medium was used t o  enumerate aerobic  and anaerobic bac te r ia .  
Total  p l a t e  count agar (Difco) w a s  used. The pH w a s  adjusted t o  7.2 
p r i o r  t o  autoclaving.  
Urea medium 
This medium was used t o  enumerate aerobic  and anaerobic bac t e r i a  
capable of u t i l i z i n g  urea  as a s o l e  carbon source. Urea ( ~ i f c o )  solu- 
t i o n  was f i l t e r  s t e r i l i z e d  and added a s e p t i c a l l y  t o  tempered ( 4 5 ' ~ ) ,  
sterile agar water (15.0 g agar i n  1000- m l  d i s t i l l e d  water) .  
This medium was used to enumerate aerobic  bac t e r i a  capable of 
us ing atmospheric N as a sole ni t rogen  source. This medium was pre- 2 
pared as detailed by Jensen (39) .  
Mod i f  ied Cza~ek  medium 
This medium was used t o  enumerate yeast .  It contained t h e  fo l -  
lowing reagents: 10.0 g dextrose, 2.0 g NH4N03, 1.0 g K2HP04, 0.5 g 
MgS04.7H20, 0.5 g K C l ,  0.03 g FeS04.7H20, 15.0 g agar,  and 1000 m l  
d i s t i l l e d  water. The pH was adjusted t o  7.2 p r io r  t o  autoclaving. 
Thiobacil lus nedium 
This medium was used t o  enumerate aerobic bac ter ia  capable of 
oxidizing sodium thiosulf  a t e .  It contained t h e  following reagents: 
5.0 g sodium th iosu l fa t e ,  0.4 g (NH4)2S04, 0.4 g KH2P04, 0.25 g CaC12, 
0.5 g MgSO *7H20, 0.01 g FeSO .7H20, 0.06 g casamino ac ids  (acid 4 4 
hydrolyzed), 15.0 g agar,  and 1000 m l  d i s t i l l e d  water. The pH was 
adjusted t o  4.8 p r i o r  t o  autoclaving. 
Desulfovibrio medium 
This medium was used t o  enumerate anaerobic organisms from t h e  
species Desulfovibrio. It contained t h e  following reagents : 5.0 g 
yeast ex t rac t ,  0.3 g (NH4)2S04, 3.0 g sodium l a c t a t e ,  2.0 g Na2S04, 
1.7 g K2HP04, 0.5 g sodium th ioglycol la te ,  15.0 g agar,  and 1000 m l  
d i s t i l l e d  water. This medium was dispensed in to  t e s t  tubes 
(18 x 150 mm). Each t e s t  tube received 15.0 m l  of t h e  medium. Prior  
t o  t h e  inoculation of t h e  medium with a sample, 0.1 m l  of f i l t e r  ster- 
i l i z e d  (0.45 u) f e r r i c  a~monium s u l f a t e  solut ion (5.0 m g a r n l - '  dis-  
t i l l e d  water) was added t o  each test tube of tempered (45O~) medium. 
After inoculation with a sample, t h e  test tube was vortexed and poured 
i n t o  a P e t r i  p l a t e  (15 x 150 nun). 
Sulfate reducing medium 
This medium was used t o  e n m e t a t e  anaerobic bac t e r i a  capable of 
reducing s u l f a t e .  It contafned the following reagents:  8.0 g n u t r i -  
ent  broth  (Difco), 5.0 8 Wo2S04, 0.05 g FeS04.7H 0, 15.0 g agar ,  and 
2 
I 
1000 m l  d i s t i l l e d  water. The pH was adjusted t o  7.0 p r io r  t o  auto- 
claving . 
Control media 
h r o n s o n ' s  and P a r t i n ' s  basa l  s a l t s  media were used as cont ro l  
media t o  enumerate aerobic  and anaerobic bac t e r i a ,  and fungi  capable 
of exh ib i t ing  growth on basa l  s a l t s  media containing no carbon source. 
Agar water, containing 15.0 g of agar i n  1000 m l  of d i s t i l l e d  water 
without a carbon source,  a l s o  served as a con t ro l  medium f o r  aerobic  
and anaerobic bac t e r i a .  Agar water medium supplemented with 0.05 g 
of r o s e  bengal served as a con t ro l  medium f o r  fungi.  Ten ml of a 
f i l t e r  s t e r i l i z e d  (0.45 p) streptomycin so lu t ion  (3.0 mg.ml-' d i s -  
t i l l e d  water) was a s e p t i c a l l y  added t o  t h e  tempered (45 '~) ,  sterile 
medium p r i o r  t o  p l a t i ng .  The agar water medium was used a s  a con t ro l  
t o  determine whether excessive amounts of n u t r i e n t s  from t h e  diluted 
samples were cont r ibu t ing  t o  t h e  growth of enumerated microorganisms. 
[14CJglucose and L14C]sodium benzoate 
m i n e r a l h a t  ion assays 
The radiolabeled subs t r a t e s  contained t h e  following s p e c i f i c  
a c t i v i t i e s :  [UL-14C]glucose ( I .C .N.  Co.) , 13 . 3 r n ~ i . m M - ~ ;  and 
[UL-14C]sodium benzoate (hersham-Searle Corp . ) , 97.0 m ~ i * ~ * - ~ .  
Stock so lu t ions  of t h e  radiolabeled suhs t r a t  es contained t h e  following 
a c t i v i t i e s :  [UG14C]glucose, 0.2 uCi.25.0 1-l; and [UL-14C]sodium 
benzoate, 0.1 uCi.25.0 1-I. Unlabeled s tock  so lu t ions  of t h e  sub- 
s t r a t e s  contained t h e  following concentrat ions:  glucose, 750.0 pMm 
2.0 m l - I  d i s t i l l e d  water; and sodium benzoate, 750.0 pMa2.0 ml" d i s -  
t i l l e d  water. Both labeled and unlabeled s tock  so lu t ions  were f i l t e r  
s t e r i l i z e d  (0.45 v ) .  One g o r  1.0 m l  of t h e  sample ( s o i l ,  sediment, 
o r  water) w a s  measured i n t o  a sterile 30.0 m l  serum b o t t l e  (Wheaton 
Glass Co.) . Eight b o t t l e s  of each sample were prepared f o r  each sub- 
s t r a t e .  Twenty-f i v e  1 of t h e  radiolabeled s tock  so lu t ion  and 2.0 m l  
of t h e  unlabeled s tock  so lu t ion  were added t o  each b o t t l e .  The sample 
b o t t l e s  were constructed and t h e  assays  completed a s  described by 
Harrison et a l .  (31). Mineral izat ion r a t e s  were determined by measur- 
ing  14c02 evolut ion during a 12-hour period. 
S c i n t i l l a t i o n  v i a l s  contained 15.0 m l  of Omniscint (I.C.N. Co.) 
i n  s c i n t i l l a t i o n  grade to luene (Mallinckrodt) a t  a concentrat ion of 
4.0 g m ~ - l .  They were counted i n  t r i p l i c a t e  i n  a Tr icarb Liquid 
S c i n t i l l a t i o n  Spectrometer (Packard Instrument Co.) a t  a 6% gain and 
a 50-1000 window s e t t i n g .  Quenching w a s  determined using t h e  channels 
r a t i o  method and instrument e f f i c i ency  was determined by t h e  i n t e r n a l  
standard method (33). The data were corrected f o r  background a c t i v i t y ,  
0 time con t ro l s ,  and instrument e f f ic iency .  
[14~]cel lulose,  [14C]hexadecane, - and [14C]lignin 
mineralization assays 
The radiolabaled subs t ra tes  contained t h e  following a c t i v i t i e s  : 
(I. C.N. Co. ) , 1 14 p~i-rng-'; [I-14C]hexadecane (Amersham-Searle Corp .) , 
54.0 rnci*mMg' ; and P4C]lignin, prepared a s  described by Crawf ord (1 9) . 
A s tock solut ion of radiolabaled hcxadecane was prepared by d i lu t ing  
[14c Eexadecane w i t h  unlabeled haxadecane (Eastman Kodak co . ) t o  a 
spec i f i c  a c t i v i t y  of 2.34 x lom3 p ~ i * ) r ~ - ' .  One g o r  1.0 m l  of t h e  
sample ( s o i l ,  sediment, or  water) was measured i n t o  a s t e r i l e  100.0 dl 
serum b o t t l e  (Wheaton Glass Co.). One bottle of each sample was pre- 
pared f o r  each subs t ra te .  Two m l  of sterile d i s t i l l e d  water was added 
t o  each b o t t l e .  Two yCi of [14C]cellulose, 25.0 p l  of stock 
[14C]hexadecane, o r  0.5 g of [14C]lignin was added t o  each sample. A 
b o t t l e  containing only t h e  s t e r i l e  d i s t i l l e d  water and radiolabeled 
subs t r a t e  served a s  a control .  Mineralization r a t e s  were determined 
14 
by measuring CO avolut ion during a 120-hour incubat ion period. 2 
14 14 
CO was measured using a rnodif i ca t ion  of t h e  CO trapping system 
2 2 
described by Sm;lth et al. (64). After incubation fo r  various periods 
14 
of time, sterile a i r  was used t o  sweep t h e  CO i n t o  a s c i n t i l l a t i o n  2 
v i a l  which contained the following: 12.5 m l  of h n i s c i n t  (I. CON. Co .) 
i n  s c i n t i l l a t i o n  g r d a  toluene (Plallinckrodt) at a concentrat ion of 
4.0 g * ~ - l ;  and 2.5 ml o f  a so lu t ion  of nanograde chloroform 
(Mallinckrodt) , scintillation grade phenylathylamine (Eastman Kodak 
Co.) , and Nuclear Chicago Solubilixer (Nuclear Chicago Co.) a t  a r a t i o  
99 
of 2 : l :  1. Quenching was determined using t h e  channels r a t i o  method 
and instrument e f f ic iency  was determined by the  in t e rna l  standard 
method (33). The data  were corrected f o r  background a c t i v i t y ,  back- 
ground cont ro ls ,  0 time cont ro ls ,  and instrument eff ic iency . 
P Na HPO assimilat ion assay 
The specific a c t i v i t y  of t h e  [32P] Na2HP04 (New 3ngland Nuclear) 
was 100.0 r n ~ i * m F f - ~ .  A stock solut ion of t h e  radiolabeled subs t ra te  
was prepared t o  have an activity of 2.0 Ci.25.0 ul-l. A stock solu- 
t i o n  of unlabeled subs t r a t e  was prepared a t  a concentration of 
25.0 uM-2.0 ml-I d i s t i l l e d  water. Both labeled and unlabeled stock 
solut ions were f i l t e r  s t e r i l i z e d  (0.45 V) . One g or  1.0 m l  of t h e  
sample ( s o i l ,  sediment, or water) was measured in to  a s t e r i l e  30.0 m l  
serum b o t t l e  (Wheaton Glass Co.). Ten b o t t l e s  of each sample were 
prepared. Twenty-f ive  p L  of t h e  radiolabeled stock solut ion and 
2.0 r n l  of t h e  unlebeled stock solut ion were added t o  each bo t t l e .  
Assimilation r a t e s  were determined by measuring t h e  amount of radio- 
labeled subs t r a t e  assirnilat  ed during a 12-hour incubat ion period. 
The react ions were stopped by f i l t e r i n g - e a c h  sample through a 0.45 v 
Millipore f i l t e r  under vacuum. The reac t ion  b o t t l e s  and f i l t e r s  were 
rinsed twice with 10.0 m l  of an unlabeled solut ion of Na2HP04 
(50.0 mM) t o  remove the radiolabeled subs t r a t e  not assimilated.  The 
f i l t e r  containing t h e  assimilated radiolabeled subs t ra te  was counted 
on a Nucleus 550 Scaler-Timer Planchet Counter a t  860 v o l t s  f o r  1 
minute. Since phosphorus can bind t o  organic mater ia l ,  an autoclaved 
cont ro l  was used t o  determine t h e  amount of binding i n  each sample. 
The da ta  were corrected f o r  background a c t i v i t y  , binding controls ,  
0 time cont ro ls ,  and instrument eff ic iency.  
[35S]Na 2- $0 - and [35Sfmethionine 
assimilat ion assays 
The spec i f i c  a c t i v i t i e s  of t h e  [35S]Na2S04 ( Amersham-Searle 
Corp.) were 36.0 r n c i a m f 1 ,  37.0 r n ~ i . r n M - ~ ,  and 42.0 r n ~ i . m . M - ~  The spe- 
c i f i c  a c t i v i t i e s  of t h e  [35S]methionine (Amersham-Searle Corp.) were 
34.0 m ~ i ~ t d f - ~ ,  71.0 m ~ i * m M - ~ ,  86.0 r n ~ i . r n M - l ,  and 189.0 m ~ i . r n M - l .  
Stock ~ o l u r i o n s  of t h e  [35S] Na2S04 and [35S]methionine were prepared 
t o  have an a c t i v i t y  of 2.0 pCi.25.0 pl- l .  Stock solut ions of unla- 
beled Na SO and methionine were prepared a t  a concentration of 2 4 
25.0 yM.2.0 ml-I d i s t i l l e d  water and 20.0 yM02.0 ml-I d i s t i l l e d  water, 
respect ively . Both labeled and unlabeled stock solut ions were f i l t e r  
s t e r i l i z e d  (0.45 p). One g o r  1.0 m l  of t h e  sample ( s o i l ,  sediment, 
o r  water) was measured i n t o  a s t e r i l e  30.0 m l  serum b o t t l e  (Wheaton 
Glass Co. ) . Ten b o t t l e s  of each sample were prepared. Twenty-f ive  ~1 
of a radiolabeled stock so lu t ion  and 2.0 r n l  of t h e  respect ive unla- 
$::-, ,k '  -. ' . .; -&': - . 
,- h a  + 2% 
beled stock solut ion was added t o  each bo t t l e .  Assimilation r a t e s  
were determined by measuring the  amount of radiolabeled subs t ra te  
assimilated during a 12-hour incubation period. The react ions were 
stopped by f i l t e r i n g  each sample through a 0.45 Mill ipore f i l t e r  
under vacuum. The reac t ion  b o t t l e s  and f i l t e r s  were rinsed twice with 
10.0 m l  of an unlabeled solut ion of Na2S04 (50.0 mM) o r  methionine 
(50.0 mM) t o  remove t h e  radiolabeled subs t ra te  not assimilated.  One 
m l  of t h e  f i l t r a t e  containing the unassimilated subs t r a t e  was added 
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t o  a s c i n t i l l a t i o n  v i a l  and allowed t o  dry a t  room temperature (25'~) 
f o r  24 hours. F i f teen  mL of h n i s c i n t  (I.C.N. Co.) i n  s c i n t i l l a t i o n  
grade to luene (Mallinckrodt) a t  a concentrat ion of 4.0 g.~'l were 
added t o  each v i a l .  The s c i n t i l l a t i o n  v i a l s  were counted a s  described 
above. Quenching was determined using t h e  channels r a t i o  method and 
instrument e f f i c i ency  was determined by t h e  i n t e r n a l  standard method 
(33). The da t a  were corrected f o r  background a c t i v i t y ,  binding 
con t ro l s ,  0 t i m e  con t ro l s ,  and instrument e f f ic iency .  The amount of 
radiolabeled s u b s t r a t e  ass imila ted w a s  determined by sub t rac t ing  t h e  
unassimilated a c t i v i t y  from t h e  t o t a l  a c t i v i t y .  
Analysis -- of da ta  
Mineral izat ion and a s s imi l a t i on  r a t e s  were determined using t h e  
nonl inear  (61) and general  l i n e a r  (60) regress ion programs a t  t h e  
Computer Center of t h e  Universi ty of Central  Florida.  Microbial 
counts (colony-forming u n i t s )  f o r  ae rob ic  bac t e r i a ,  fungi ,  and 
anaerobic bac t e r i a ,  and mineral izat ion and a s s imi l a t i on  r a t e s  were 
analyzed using t h e  c l u s t e r  program (59) a t  t h e  Computer Center of t h e  
Universi ty of Centra l  Flor ida .  Cluster  .analyses were used t o  deter-  
mine t h e  r e l a t i v e  microbial  a c t i v i t y  of sites a t  Ash Slough and 
Armstrong Slough. 
Clus te r  analyses were performed using microbial  counts from t h e  
following media : c e l l u l o s e ,  chit i n ,  glucose, hemicellulose,  l i g n i n  , 
l i p i d ,  plant mixture, pec t in ,  and s ta rch .  Cluster  analyses  were 
performed using mineral izat ion and ass imi la t ion  rates from t h e  fo l -  
lowing radiolabeled s u b s t r a t e s  : [14C]glucose, [14C]cellulose, 
[14C]lignin, [14~]hexadecane, [14C]sodium benzoate , [32P]Na2S04, 
P5S]Na2S04, and [35S]methionine. 
Resul ts  
Cluster  analyses 
Cluster  analyses were performed using 4 sets of d a t a  t o  deter-  
mine which study sites contained s imi l a r  and r e l a t e d  l e v e l s  of micro- 
b i a l  a c t i v i t y .  The 4 sets of d a t a  included aerobic  bac t e r i a  enumer- 
a ted  on s o l i d  media, fungi  enumerated on s o l i d  media, anaerobic bac- 
t e r i a  enumerated on s o l i d  media, and mineral izat ion and ass imi la t ion  
r a t e s  us ing rad io i so tope  techniques. 
Three c l u s t e r s ,  each possessing comparable a c t i v i t i e s ,  were es- 
tab l i shed .  The f i r s t  c l u s t e r  was associa ted wi th  t h e  lowest amount 
of microbial  a c t i v i t y .  This c l u s t e r  contained t h e  major i ty  of 
sampling sites. The t h i r d  c l u s t e r  was associa ted with t h e  highest  
amount of microbial  a c t i v i t y .  Rela t ively  few sample s i t e s  were found 
i n  c l u s t e r  111. The second c l u s t e r  was associa ted with in termediate  
l e v e l s  of microbial  a c t i v i t y .  Cluster  analyses f o r  da ta  from Ash 
Slough, Armstrong Slough, and both sloughs combined were performed 
f o r  each group of microorganisms. 
Cluster  analyses  - of sites f o r  aerobic  b a c t e r i a  
The percentage of sampling da t e s  t h a t  a s i te  w a s  grouped i n t o  
each of t h e  3 c l u s t e r s  i s  i n  Fig. 20. The sites grouped i n t o  each 
c l u s t e r ,  by date, and the microbial  a c t i v i t y  associa ted wi th  t h e  
c l u s t e r s  are i n  Tables 4, 5 ,  and 6. 
Percent occurrence of sites in  clusters I ,  11, and 111 for 
aerobic bacteria. Cluster analyses of data from Ash Slough 
or Armstrong Slough separately ( . Cluster anal 
data from Ash Slough and Armstrong Slough combined ( 












Table 6. Sample sites from Ash Slough and Armstrong Slough grouped into clusters  by sampling date and 
act ivityaassociat ed with each c luster  for aerobic bacteria 
- - - - - . - - - - -- 
Dates 
Clust era 4 /79  7 / 7 9  10179 4 /80 8 /80  1/81 
A B D E  
F G H  
(5885) 
A B D E  
F G H  
( 16979) 
A B  C 
D  E 
(6199) 
K L M  
N S 
A B D  
F W  
(6047) 
K L N O  
P S 
A B C  
D H 
(917)  
A B C D  
E F G H  
(3722) 
K L M N  L M S  
F 
(27940) 




Total of the means of colony-forming units  (CFU) on various substrates for sites in  each cluster.  
Cluster  analyses  of sites a t  Ash Slough grouped t h e  water column 
sites (K, L, and M) and t h e  dry s o i l  s i te  CN) i n t o  c l u s t e r  I f o r  
approximately a l l  sampling da te s  (Pig. 20). The sediment sites (0, 
P ,  and S) were grouped i n t o  c l u s t e r s  11 and 111 f o r  a major i ty  of 
sampling da tes .  The a c t i v i t i e s  represented by t h e  s i t e s  contained 
i n  t h e  second c l u s t e r s  (11) ranged from approximately th reefo ld  t o  
f i f ty-onefold  more than those  of t h e  f i r s t  c l u s t e r s  (I) (Table 4). 
S i t e  0 w a s  grouped i n t o  c l u s t e r  I1 83% of t h e  t i m e ,  and s i te  P was 
grouped i n t o  c l u s t e r  111 67% of t h e  time. The a c t i v i t i e s  observed i n  
t h e  t h i r d  c l u s t e r s  (111) were approximately onefold t o  twofold higher 
than those  of t h e  second c l u s t e r s  (11). 
Cluster  analyses  of s i t e s  a t  Armstrong Slough grouped t h e  water 
column sites (A, B ,  C ,  and D) and a sediment s i t e  (H) i n t o  c l u s t e r  I 
f o r  5 out of 6 sampling d a t e s  (Fig.  20). The dry s o i l  s i te (E) and 
a sediment s i te  (F) were grouped i n t o  c l u s t e r  I1 67% of t h e  time. 
The a c t i v i t i e s  represented by t h e  sites contained i n  t h e  second 
c l u s t e r s  (11) ranged from approximately twofold t o  one-hundred-thirty- 
th reefo ld  atore than those  of t h e  f i r s t  c l u s t e r s  ( I )  (Table 5). The 
sediment site, G, was grouped i n t o  c l u s t e r  I11 83% of t h e  time. The 
a c t i v i t i e s  represented by the sites contained i n  t h e  t h i r d  c l u s t e r s  
(111) were approximately onefold t o  ninefold  higher than those  of t h e  
second c l u s t e r s  (11) . 
Cluster  analyses  of sites from Ash Slough and Armstrong Slough 
combined, grouped the water column sites (A, B ,  C ,  D, K, L, and M) 
i n t o  c l u s t e r  I for a l l  sampling d a t e s  (Fig. 20). The dry  s o i l  s i te  
a t  each slough (E and N) w a s  a l s o  grouped i n t o  c l u s t e r  I f o r  approx- 
imately a l l  sampling dates. Sedfment sites from both sloughs were 
contained i n  c l u s t e r s  II and 111; however, a higher proport ion of 
those  sites were from Ash Slough. The a c t i v i t i e s  represented by t h e  
sites contained i n  the second c l u s t e r s  (11) ranged from approximately 
twofold t o  twenty-ninef old  higher than those  i n  t h e  f i r s t  c l u s t e r s  
( I )  (.Table 6). The sediment sites, 0 and P, a t  Ash Slough were 
grouped into c l u s t e r  I1 50% and 67%, respect ively .  The a c t i v i t i e s  
represented by t h e  sites contained i n  t h e  t h i r d  c l u s t e r s  were approx- 
imately onefold t o  twofold higher than those  of the second c l u s t e r s  
(11). The sediment site, G, was grouped i n t o  c l u s t e r  111 50% of t h e  
sampling da t  es . 
Cluster  analyses  of sites f o r  fungi  - -
The percentage of sampling da t e s  t h a t  a s i t e  w a s  grouped i n t o  
each of t h e  3 c l u s t e r s  is  i n  Fig. 21. The s i t e s  grouped i n t o  each 
c l u s t e r ,  by da te ,  and the  microbial  a c t i v i t y  associa ted with t h e  
c l u s t e r  a r e  i n  Tables 7 ,  8, and 9 .  
Clus te r  analyses of sites a t  Ash Slough grouped t h e  water column 
s i t e s  (K, L, and M) and a sediment s i te-  (0) i n t o  c l u s t e r  I f o r  a l l  
sampling d a t e s  (Fig.  21) .  The sediment sites, P and S,  were grouped 
i n t o  c l u s t e r  I1 50% and 66X, respect ively .  The a c t i v i t i e s  represented 
by t h e  sites contained i n  t h e  second c l u s t e r s  (11) ranged from approx- 
imately onefold t o  twentyfold higher than those  of t h e  f i r s t  c l u s t e r s  
(I) (Table 7).  The dry s o i l  s i te  (N) was grouped i n t o  c l u s t e r  I11 
83% of the sampling dates as a singleton c l u s t e r .  The a c t i v i t i e s  
represented by the sites contained i n  t h e  t h i r d  c l u s t e r s  (111) were 
Pig. 21. Percent occurrence of sites in clusters I ,  11, and 111 for 
fungi. Cluster analyses of data from Ash Slough or 
Armstrong Slough separately ( ) . Cluster analyses of 



























Table 9.aSample sites from Ash Slough and Amstrong Slough grouped into clusters  by sampling date and 




Clusters 4/79 7/79 10/79 4/80 8/80 1/81 
A B D E  
F G M  
(50) 





N O P S  
A R C D  A R D E  A B C D  A R C  
E F G H  F G H  G B D I9 
(10) (63) ( 6 )  (1 3) 
K L M  
0 S 
K L M O  
F 
(151) 
N P S  
L O S  
F-r 
a Total of the means of colony-forming units (CFU) on various substrates for sites i n  each c l ~ s t e r . ~  C1 Cn 
approximately onefold t o  th reefo ld  higher than those  of t h e  second 
c l u s t e r s  (11). 
Cluster  analyees of sites at Armstrong Slough grouped t h e  water 
column sites (A, 3, C, and D) i n t o  c l u s t e r  1 f o r  a l l  sampling da t e s  
(Fig. 21).  The ecdiaont s i t e ,  H,  was grouped i n t o  c l u s t e r  I 66% of 
t h e  smpling &tee. lbrs sediment sites, F and G ,  were grouped i n t o  
c l u s t e r  II 66% urd SOX, t espec t ive ly .  The a c t i v i t i e s  represented by 
t h e  sites conteiDed $a rhe second c l u s t e r s  (11) ranged from approx- 
imately sevenfold t o  one-hundred-fourteenfold higher than those  of 
t h e  f i r s t  clusters (I) (Table 8). The dry s o i l  s i t e  (E) was grouped 
i n t o  c l u s t e r  111 50% of t h e  sampling dates .  The a c t i v i t i e s  repre- 
sented by t h e  sites contained i n  t h e  t h i r d  c l u s t e r s  (111) were 
approximately onefold t o  th reefo ld  higher than those  of t h e  second 
c l u s t e r s  (11) . 
Cluster  analyses  of sites from Ash Slough and Armstrong Slough 
combined, grouped t h e  water column sites (A, B ,  C ,  D, K ,  L, and M) 
i n t o  c l u s t e r  I f o r  a l l  sampling da t e s  (Fig. 21) .  The sediment s i t e s ,  
H and 0, were a l s o  grouped i n t o  c l u s t e r  I f o r  approximately a l l  
sampling da tes .  The a c t i v i t i e s  represented by t h e  sites contained i n  
t h e  second c l u s t e r s  (11) ranged from approximately th reefo ld  t o  
twenty-threefold higher than those  of t h e  f i r s t  c l u s t e r s  ( I )  (Table 9). 
Cluster  11 contained only dry s o i l  sites and sediment sites. The 
sediment sites, P and S ,  were grouped i n t o  c l u s t e r  I1 50% and 66X, 
respec t ive ly .  The dry s o i l  s i t e s ,  E and N,  were grouped i n t o  c l u s t e r  
111 33% and 66%, respec t ive ly .  The a c t i v i t i e s  represented by t h e  
sites contained i n  t h e  third c l u s t e r s  (111) were approximately onefold 
117 
t o  s ix fo ld  higher than those of t h e  second c l u s t e r s  (11). Dry s o i l  
and sediment sites from both sloughs were contained i n  c l u s t e r s  I1 
and 111; however, a higher proport ion of those  sites were from Ash 
Slough. 
Cluster analyses - of sites - f o r  anaerobic bac t e r i a  
The percentage of sampling da t e s  t h a t  a s i t e  w a s  grouped i n t o  
each of t h e  3 c l u s t e r s  is  i n  Fig. 22. The sites grouped i n t o  each 
c l u s t e r ,  by da t e ,  and t h e  microbial  a c t i v i t y  associa ted with t h e  
c l u s t e r  a r e  i n  Tables 10, 11, and 12.  
Cluster  analyses of s i t e s  at  Ash Slough grouped t h e  water column 
sites (K, L,  and M) into c l u s t e r  I f o r  a l l  sampling da t e s  (Fig. 2 2 ) .  
The dry s o i l  s i te  (N) w a s  grouped i n t o  c l u s t e r  I 83% of t h e  sampling 
dates .  The sediment sites, 0 and S, were both grouped i n t o  c l u s t e r  I 
50% of t h e  sampling dates .  Cluster  I1 contained only t h e  dry s o i l  
s i te  (N) and t h e  sediment sites (0, P,  and S). The sediment site, 
S,  was grouped i n t o  c l u s t e r  I1 50% of t h e  sampling da tes .  The ac t iv -  
i t i es  represented by the sites contained i n  t h e  second c l u s t e r s  (11) 
ranged from approximately twofold t o  twenty-fourfold higher than 
those  of t h e  f i r s t  c l u s t e r s  (I) (Table 10) .  The sediment site, P, 
w a s  grouped i n t o  c l u s t e r  111 83% of t h e  sampling dates .  The ac t iv -  
i t ies  represented by t h e  sites contained i n  t h e  t h i r d  c l u s t e r s  (111) 
were approximately onefold t o  t h ree fo ld  higher than those  of t h e  
second c l u s t e r s  (11) . 
Cluster  analyses  of sites at  Armstrong Slough grouped t h e  water 
column sites (A, B, C,  and D) i n t o  c l u s t e r  I f o r  a l l  sampling da t e s  
Fig. 22. Percent occurrence of s i t e s  i n  c lusters  I ,  11, and 111 for 
anaerobic bacteria. Cluster analyses of data from Ash Slough -
or Armstrong Slough separately ( ) Cluster analyses of 
data from Ash Slough and Armstrong Slough combined ( 


Table 11.  Sample sites from Armstrong Slough grouped into clusters  by sampling date and act ivitya 
associated with each cluster for anaerobic bacterrla 
Dates 
Clusters 41 79 7 /79  10/79 4/80 8/80 118 1 
A B D  
E H 
A B C D  
E F A B D H  
A B C D  
F H 
(469) 
A B C D  
E H 
a Total of the means of colony-forming units (CPU) on various substrates for s i t e s  i n  each c l u s t e r .  
b' 
Cluster analysis not included due t o  inadequate bacterial sampling on t h i s  date. 
Table 12& Sample sites from Ash Slough and Armstrong Slough grouped into clusters  by sampling date and 
activity associated with each cluster for anaerobic bacteria 
Dates 
Clusters 4/mb 7/79 10/79 4/80 8 180 1/81 
A B D E  A B C D  A B C D  A B C D  
F G' H E F A B D H  F H E El 
(362 6) (3949) (1 190) (699) (1812) 
N S K L M N  K L N O  K L M N  L N O S  
0 S P S 0 S 
a 
b 
Total of the means of colony-forming units  (CFU) on various substrates for s i t e s  in  each cluster.  I-' 
h) 
Cluster analysis does not include data from Armstrong Slough due t o  inadequate bacterial sampling. t~ 
(Fig. 22). The sediment site, B, w a s  grouped i n t o  c l u s t e r  183% of 
t h e  sampling da tes .  The a c t i v i t i e s  represented by t h e  sites con- 
t a ined  i n  t h e  second c l u s t e r s  (11) ranged from approximately s ix fo ld  
t o  one-hundredaineteenfold higher than those  of t h e  f i r s t  c l u s t e r s  
(I) (Tabla 11). The sediment s i te ,  G, was grouped i n t o  c l u s t e r  I11 
66% of the eoaplgng dates .  The a c t i v i t i e s  represented by t h e  sites 
contained in the t h i r d  c l u s t e r s  (111) were approximately onefold t o  
t h ree fo ld  higher than those  of t h e  second c l u s t e r s  (11). 
Cluster analyses of sites from Ash Slough and Armstrong Slough 
combined, grouped t h e  water column sites (A, R, C ,  D, K ,  L,  and M) 
i n t o  c l u s t e r  I f o r  a l l  sampling d a t e s  (Fig. 22). Cluster  I1 con- 
ta ined  only dry s o i l  sites and sediment s i t e s .  The a c t i v i t i e s  
represented by t h e  sites i n  t h e  second c l u s t e r s  (11) ranged from 
approximately twofold t o  twenty-fourfold higher than those  of t h e  
f i r s t  c l u s t e r s  ( I )  (Table 12). The sediment s i te ,  P,  was grouped 
i n t o  c l u s t e r  111 75% of t h e  sampling d a t e s ,  and t h e  sediment s i te ,  
G, w a s  grouped into c l u s t e r  I1 60% of t h e  sampling dates .  The ac t iv -  
i t ies represented by the sites contained i n  t h e  t h i r d  c l u s t e r s  (111) 
were approximately onefold t o  th reefo ld  higher than those  of t h e  
second c l u s t e r s  (11) . 
Cluster  analyses - of sites us ing  
lf z a t  ion --..-- and ass i rni la t  ion rates 
The percentage of sampling d a t e s  t h a t  a s i t e  was grouped i n t o  
each of the 3 c l u s t e r s  i s  i n  Fig. 23. The sites grouped i n t o  each 
c l u s t e r ,  by date, and t h e  microbial. a c t i v i t y  associa ted wi th  t h e  
Fig .  23. Percent occurrence of sites in  clusters I ,  11, and III for 
mineralization and assirnilat ion rates. Cluster analyses of 
data from Ash Slough or Armstrong Slough separately ( 7). 
Cluster analyses of data from Ash Slough and Amstrong Slough 














































































































Table 13. Sample sites from Ash Slough grouped into clusters  by sampling date and activitya associated 
with each cluster for mineralization and assimilation rates 
-- - ---- - - - 
Dates 
- - - - - - - - - -- 
Clusters 4 / 7 9  7 / 7 9  10/79 4/80  8 /80 1/81 
L O S  
K M P  
( 3 2 8 4 )  
O P S  
a tr Total of the means of mineralization and assimilation rates of various substrates for sites in each g 
cluster. 
Table 14. Sample sites from Armstrong Slough grouped into c lusters  by ampling date and act iv i tya  




Clust er9: 4/79 7 / 7 9  10179 4/80 8 /80 1 / 8 1  
A B D  
E H A C F  A B D H  B C D  
A B G H  
(6866) 
E G H  
(4 106) 
a C, Total of the means of mineralization and assimilation rates  of various substrates for sites i n  each 3 
cluster  . 
Table 15& Sample sites from Ash Slough and Armstrong Slough grouped into clusters by sampling date and 
activity associated with each cluster for mineralization and assimilation rates 
Clusters 4/79 7/79 10179 4/80 8/80 1/81 
A I D E  
F G B  
(63) 
(585) 
O P S  
A B D  
E H 
(1602) 
B D E  
G H 
(3843) 
L O S  
A C F  
(4 193) 
K M 
A B F  
G H 
(7139) 
N O P  
A B R  
(6015) 
M 0 
C D E  
F G 
(9275) 
K L N  
B C D E  
(6922) 
L N 
A F G H  
(11725) 
(17198) 
O P S  
a c1 Total of the means of mineralization and assimilation rates of various substrates for s i t e s  in each g cluster. 
c l u s t e r  a r e  i n  Tables 13, 14, and 15. 
Cluster  analyses  of s i t e s  a t  Ash Slough grouped t h e  water column 
sites (K,  L, and M) i n t o  c l u s t e r  I and I f  f o r  a l l  sampling d a t e s  
(Fig. 23).  The dry  soi l  b i t e  (N) w a s  grouped i n t o  c l u s t e r  I1 83% of 
t h e  sampling dates. The a c t i v i t i e s  represented by t h e  s i t e s  con- 
t a ined  i n  the orcond c l u s t e r s  (11) ranged from approximately onefold 
t o  twa'foll hfghar than those  of t h e  f i r s t  c l u s t e r s  ( I )  (Table 13). 
Clus te r  111 contained only t h e  dry s o i l  s i te  (N) and t h e  sediment 
sites ( 0 ,  P, and S) . The sediment s i t e s ,  P and S ,  were grouped i n t o  
cluetcr I11 50% of t h e  sampling da tes .  The a c t i v i t i e s  represented 
by t h e  sites contained i n  t h e  t h i r d  c l u s t e r s  (111) were from approx- 
imately onefold t o  twofold higher than those  of t h e  second c l u s t e r s  
(11) 
Cluster  analyses  of sites a t  Armstrong Slough grouped t h e  water 
column sites (A, B ,  C ,  and D) i n t o  c l u s t e r s  I and I1 f o r  approxi- 
mately a l l  sampling d a t e s  (Fig. 23) . The a c t i v i t i e s  represented by 
t h e  sites contaaed tn the second c l u s t e r s  (11) ranged from approx- 
imately onefold t o  threefold higher than those of t h e  f i r s t  c l u s t e r s  
( I )  (Table 14). The dry soi l  site (E) ,  the sediment sites (F, G,  and 
H) , and a water column site (A) were grouped i n t o  c l u s t e r  111. The 
dry soil s i t e  (&) was grouped i n t o  c l u s t e r  111 50% of t h e  sampling 
da tes .  The scdira~lt sites. F and G ,  were grouped i n t o  c l u s t e r  111 
50% and 66%, respect ively .  The a c t i v i t i e s  represented by t h e  sites 
contained i n  the t h i r d  c l u s t e r s  (111) were approximately onefold t o  
twofold higher than those of t h e  second c l u s t e r s  (11). 
Cluster  analyses of sites from Ash Slough and Armstrong Slough 
combined, grouped t he  water column sites (A, B,  C,  D ,  K, L ,  and M) 
i n t o  c l u s t e r s  I and XI ( F i g .  23). The activities represented by t h e  
sites contained i n  the aecond c l u s t e r s  (11) ranged from approxi- 
mately onefold t o  ninefold higher than those of t h e  f i r s t  c l u s t e r s  
(I)  able 15). Cluster 111 contained only dry s o i l  sites and sedi-  
ment sites. The sediment sites, P and S ,  were each grouped i n t o  
cluster III 50% of t h e  sampling dates .  The a c t i v i t i e s  represented 
by the  sites contained i n  the t h i r d  c l u s t e r s  (111) were from approx- 
imately onefold t o  twofold higher than those  of t h e  second c l u s t e r s  
Ra infa l l  
Monthly r a i n f a l l  t o t a l s  a t  Ash Slough and Armstrong Slough from 
Apri l  1979 t o  February 1981 a r e  i n  Fig. 24. Monthly r a i n f a l l  t o t a l s  
were highest  during t h e  summer and fall seasons i n  1979 and 1980 at 
both sloughs. 
Fig .  24. Total monthly rainfal l  (cm) at Ash Slough (A) and
Armstrong Slough (+) for Apri l  1979 t o  February 1981. 

Discussion 
A freshwater marsh is a herb-dominated wetland, inundated peri-  
od ica l ly  o r  continually,  and composed of a mineral s o i l  which may 
contain a high humus content (22).  Ash Slough and Armstrong Slough 
are detent ion-retention marshes i n  t h e  Kissimmee River Valley. They 
are compound ecosystems composed of spec i f i c  component communities. 
The plant communities and s o i l  types comprising t h e  2 detention- 
re ten t ion  marshes have been described i n  t h e  previous section.  
Mishustin (55) has suggested t h a t  d i f f e ren t  s o i l  types contain d i f -  
f erent  dominant microorganisms. Brock (15) described t h e  dominant 
organisms i n  an environment a s  those exhibi t ing t h e  grea tes t  a c t i v i t y  
and exert ing t h e  cont ro l l ing  influence over t h e  remaining groups of 
organisms. An invest igat ion in to  t h e  microbial a c t i v i t y  of an eco- 
system would include a descr ipt ion of t h e  a c t i v i t i e s  t o  be studied 
and a determination of the a c t i v i t y  of t h e  dominant organisms. 
Decomposition and nu t r i en t  cycling i n  t e r r e s t r i a l  and aquatic 
ecosystems is  an important function of microorganisms (2 1, 65, 69). 
Microorganisms a r e  responsible f o r  t h e  conversion of nu t r i en t s  t o  
simpler compounds and t h e  t r ans fe r  of more than 80% of t h e  energy 
between t e r r e s t r i a l  decomposer cormnunit i e s  (47) . Higher microbial 
concentrations and a c t i v i t y  have been found t o  accompany higher 
nu t r i en t  ass imilat ion r a t e s  i n  t e r r e s t r i a l  and aquat ic  communities 
(18, 43, 66). The a b i l i t y  of wetlands t o  absorb and cycle  nu t r i en t s  
from water in t h e  Kissinnnee River Valley has been reported by several  
inves t iga tors  (16, 63, 68). The use of d i f f e ren t  types of detention- 
re ten t ion  marshes t o  optimize r a t e s  of nu t r i en t  removal from water 
i n  t h e  Kisseamea River Valley is current ly  being studied.  I n  t h i s  
study, variow~ ccmnunities within 2 detent  ion-ret ent ion marshes were. 
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examined t o  detersins t h e i r  r e l a t i v e  e f f ic iency  i n  removing nu t r i en t s  
from water and improving water qua l i ty .  The r e s u l t s  ind ica te  t h a t  
the detention-retention marshes i n  t h i s  study should not be referred 
t o  as a single unit .  The var i a t ion  i n  decomposition r a t e s  measured 
i n  Section I and the difference i n  microbial a c t i v i t y  determined i n  
t h i s  sect ion show t h a t  si te-specif  i c  community cynamics occur i n  both 
sloughs examined i n  t h i s  invest igat ion.  Therefore, i n  order t o  mea- 
sure  t h e  r e l a t i v e  effect iveness  of a detention-retention marsh t o  
improve water qua l i ty ,  representat ive coarmunit i e s  should be examinea . 
Ecosystems are i den t i f i ed  and characterized on the basis of the 
ac t ions  and in te rac t ions  of t h e i r  a b i o t i c  and b i o t i c  components. The 
ident i f  %cat ion of microor ganiems isolated f rum na tu ra l  hab i t a t s  is  
of ten  d i f f i c u l t  and tiPle canerrmiag, N~lgerical taxonomy has been used 
t o  estimate and coanprre aricrobial diversfty within hab i t a t s ,  but 
these methods have oslittd up t o  4M of t h e  i s o l a t e s  from fu r the r  
ana lys is  (41). Recent studies have used environmental and microbio- 
log ica l  parameters t o  characterize ecosystems and study microbial 
d ive r s i ty  and a c t i v i t y  (30, 4'1, 53, 72). Whereas t h e  descr ipt ion of 
an ecosystem would include the i den t i f i ca t ion  of indigenous b i o t i c  
populat ions,  t h e  funct toning of an ecosystem, however, would include 
the i den t i f i ca t ion  of the co l l ec t ive  a c t i v i t i e s  of i t s  populations. 
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M i l l s  (53) suggested that the se l ec t ion  of t e s t  parameters f o r  non- 
taxonomic schemes be r e p r e e a t a t  i ve  of important ecosystem processes. 
The d a t a  i n  t h i s  study support t h e  concept t h a t  t h e  microbial  corn- 
munit ies may by functionally character ized by enumerating microorgan- 
i s m s  capable of minprzalizing important n u t r i e n t s  and measuring t h e i r  
subsequent rot ee of minera l iza t ion  and ass imi la t ion .  
Numerical methods of mu l t i va r i a t e  ana lys i s  are ava i l ab l e  t o  
exasnine large q u a n t i t i e s  of b io log ica l  da ta .  Raw da t a  from an eco- 
l o g i c a l  inves t iga t ion  o f t e n  c o n s i s t s  of va lues  f o r  x spec ies  found 
a t  y s t a t i o n s ,  and are recorded i n  a t a b l e  of x colunms and y rows. 
Frequently, x is g rea t e r  than y and t h e  volume of d a t a  makes it d i f -  
f i c u l t  t o  de t ec t  p a t t e r n s  of assoc ia t ion  o r  measure i n t e r n a l l y  r e l a t e d  
da t a  s e t s .  Cluster  ana lys i s  is a mul t iva r i a t e  technique used t o  sum- 
marize t h e  information contained i n  a da t a  set by compressing t h e  
t a b l e  v e r t i c a l l y  (24). Cluster ing procedures r e s u l t  i n  t h e  c l a s s i f  i- 
ca t ion  and formation of t h e  y s t a t i o n s  i n t o  groups possessing high 
i n t e r n a l  similarities with respect t o  t h e  spec ies  o r  c h a r a c t e r i s t i c s  
being s tudied.  Cluster ana lys i s  is  a s t a t i s t i c a l  technique used t o  
determine the inherent  r e l a t i onsh ips  wi thin  a s e t  of d a t a  points .  
The p a r t i t i o n i n g  of d a t a  s e t s  i s  performed by measuring the re la ted-  
ness  between d a t a  po in t s ,  and then,  by grouping comparable sets of 
d a t a  po in t s .  Numerical methods of ana lys i s  provide an advantage over 
conventional i d e n t i f i c a t i o n  and taximetr  fc methods because no micro- 
b i a l  i s o l a t e s  are excluded from the ana lys i s .  The d a t a  sets i n  t h i s  
study were grouped i n t o  3 c l u s t e r s .  A n  ob jec t ive  measure of t h e  
adequacy of any proposed p a r t i t i o n  would be dependent upon t h e  na ture  
of t h e  c lu s t e r ed  spec i e s  or c h a r a c t e r i s t i c s  and t h e  purpose of t h e  
study. I n  t h i s  study, t he  number of c l u s t e r s  used t o  p a r t i t i o n  sites 
was based on t h e  physfcal  d i s p a r i t y  wi thin  t h e  2 detent ion-re tent ion 
marshes and on a comparison of c l u s t e r  analyses  using 2 ,  3, 4 ,  5 ,  and 
6 clusters. Three general  types  of s i t e s ,  found i n  each marsh, have 
been previously described. They included dry s o i l  s i t e s  , nprma l ly  &--A 
not subject t o  a flow of water ,  sediment sites, subject  t o  a flow of 
water, and water column s i t e s .  A s  many as 15 sites and a s  few a s  4  
sites were analyzed using t h e  c l u s t e r  procedure. The use  of 3 clus-  
ters was a l s o  a funct ion of t h e  lower l i m i t  of sites present  f o r  
ana lys i s .  
The highest  amounts of microbial  a c t i v i t y  f o r  ae rob ic  bac t e r i a  
were observed i n  sediments containing organic mat ter  which had a flow 
of water only during extended per iods  of r a i n f a l l .  Sediment sites 
which had a shallow, continuous flow of water a l s o  had high amounts 
of a c t i v i t y .  In comparison, t h e  a c t i v i t i e s  represented by t h e  c lus-  
ters containing tho alternate wet /dry sediment sites were greater than 
twofold as high. The sheet f l o w  location (sites B and F) a t  Armstrong 
Slough and the pickerelweed location (eites L and P) at Ash Slough are 
both composed of organic (auek) addialnte in moderately t h i c k  beds of 
hydrophyt i c  vegeta t ion.  Pickerelweed (Pontederia spp. ) , a herbaceous 
p l an t ,  was a dominant p lan t  species occurring at both muck locat ions .  
Although both loca t ions  received saimilar monthly r a i n f a l l  t o t a l s ,  they 
d id  not  both have a continuous flow of water. The Ash Slough muck 
sediment s i te  (P) was an a l t e r n a t e  wet/dry site. This s i te  was 
grouped i n t o  the same c l u s t e r  as t h e  Armstrong Slough muck sediment 
s i t e  (F) f o r  4 out of 6 sampling dates .  The a c t i v i t i e s  represented 
by the  c l u s t e r s  containing t h e  Ash Slough muck s i t e  f o r  t h e  remain- 
ing 2 sampling dates were threefold and elevenfold more than t h e  ac- 
t i v i t i e s  of t h e  clusters containing the Armstrong Slough muck s i t e .  
The mid-slough sediment si te (G) a t  Armstrong Slough was a l s o  an 
a l t e r n a t e  vet/dry s i t e .  This site was grouped i n t o  a c lus t e r  exhib- 
i t i n g  t h e  highest amount of a c t i v i t y  .for 3 consecutive sampling dates  
(10/79, 4/80, and 8/80). Each of these samplings occurred during a 
period of r a i n f a l l .  The a c t i v i t i e s ,  represented by the 3 c l u s t e r s  
containing t h e  mid-slough sediment s i t e ,  ranged from tenfold t o  
t h i r t y f o l d  more than t h e  c l u s t e r s  associated with the lowest act iv-  
it i e s  f o r  t h e  respec t ive  sampling dates .  The mid-slough sediment 
s i te  was otherwise grouped in to  c l u s t e r s  representing the  lowest 
microbial a c t i v i t y  during periods of l i t t l e  r a i n f a l l .  An earthen 
plug was constructed i n  t h e  primary channel a t  Armstrong Slough during 
t h e  summer of 1980. A s  a r e s u l t ,  t h e  mid-slough sediment s i t e ,  an al- 
t e r n a t e  wet/dry site, became a site with a continuous flow of water. 
For t h e  sampling date 1/81, this site was grouped in to  a c l u s t e r  rep- 
resent ing t h e  lowest a c t i v i t y .  This c l u s t e r  a l so  contained t h e  sheet 
flow muck sediment site (P) f o r  t h e  sampling da te  1/81. The c a t t l e  
crossing sediment s i te  (0) a t  Ash Slough, an a l t e r n a t e  wetfdry sedi- 
ment s i te,  a l so  exhibited higher amounts of microbial a c t i v i t y .  This 
s i te  was grouped in to  c l u s t e r  I1 f o r  4 out of 6 sampling dates ,  and 
i n t o  c l u s t e r  I11 f o r  1 sampling date .  Cluster I1 represented in te r -  
mediate l e v e l s  of microbial a c t i v i t y .  The a c t i v i t i e s  represented by 
the second c l u s t e r s  (11) containing t h e .  c a t t l e  crossing sediment site, 
ranged from approximotcsly sevenfold t o  t h i r t y f o l d  more than the act iv-  
ities of t h e  first clusters (I). The c a t t l e  crossing sediment site 
was grouped i n t o  c lu~ tar  II during periods of r a i n f a l l  with flowing 
water and pariodo of little r a i n f a l l  without flowing or standing water. 
The loca t ion  of this s i t e  may account f o r  continued high levels of 
aerobic a c t i v i t y .  This s i te was located i n  t h e  marsh area.  It was 
equal in elevation t o  t h e  pickerelweed sediment site (P) , and was 
boarderad t o  the north and south by muck sediments. The c a t t l e  cross- 
ing sediment s i te (0) may have remained moist f o r  sampling da tes  even 
when water was absent because of i ts  c lose  proximity t o  the muck sedi- 
ments, which were observed t o  be continually moist even during extend- 
ed dry periods. The water column s i t e s  f o r  aerobic bac ter ia  were 
always grouped i n t o  c l u s t e r s  representing t h e  lowest amounts of 
microbial a c t i v i t y .  The dry  s o i l  sites (E and N) a t  both Ash Slough 
and Armstrong Slough were a l s o  grouped i n t o  c l u s t e r s  representing 
lower microbial a c t i v i t y .  These data suggest t h a t  a l t e rna t ing  water 
flow and dry periods greatly influence aerobic laicrobial a c t i v i t y  i n  
s~sd-ts, 2bm r *rpe ca1#LLr af &dbitia$ up ta thirty-  
fo ld  more a c t i v i t y  thab o d i s m t s  wtth a continuous flow of water, 
dry s o i l s ,  and water columns. 
The highest amounts of microbial a c t i v i t y  for  fungi  were i n  dry 
soil sites. These sites were composed of poorly drained, l eve l ,  sandy 
s o i l s ,  without a flow of water. Higher amounts of a c t i v i t y  were a l so  
found i n  same sediment s i t e s  which had a flow of water only during 
extended periods of r a i n f a l l .  In  comparison, the a c t i v i t i e s  repre- 
sented by t h e  c l u s t e r s  containing the dry s o i l  s i t e s  were up t o  five- 
f o l d  more. The highest  fungal  a c t i v i t y  was found i n  t h e  dry s o i l  
sites (E and N) at Ash Slough and Armstrong Slough. The major i ty  of 
t h e  sites grouped into c l u s t e r  I1 were a l t e r n a t e  wetldry sediment 
s i t e s .  Howwer, the c a t t l e  c ross ing  sediment s i te  (0) , which exhib- 
i t e d  high aerobic b a c t e r i a l  a c t i v i t y ,  was grouped i n t o  t h e  c l u s t e r  
g.. 4 represen t  ag the lowest a c t i v i t y  f o r  fungi  5 out of 6 sampling da tes .  
The act i v l t i e s  represented by t h e  second c l u s t e r s  (11) containing t h e  
alternate w e t  /dry sediment s i t e s  were as much a s  twenty-f ourf old 
higher than t h e  a c t i v i t i e s  of t h e  f i r s t  c l u s t e r s  ( I ) .  The lowest 
fungal a c t i v i t y  was found i n  t h e  water column sites. These da t a  sug- 
g e s t  t h a t  although t h e  dry s o i l  sites contained t h e  highest  fungal  
a c t i v i t y ,  a l t e r n a t e  wet/dry sediment sites were a b l e  t o  exhib i t  com- 
parable l e v e l s  of a c t i v i t y  when l i t t l e  o r  no water w a s  present .  
The highest  amounts of microbial  a c t i v i t y  f o r  anaerobic bac t e r i a  
were observed in  sediments composed of organic matter .  Water at t he se  
sediment sites, when presen t ,  was flowing o r  standing. Water would 
flow over the sediment sites during per iods  of extended r a i n f a l l  and 
would cover t h e  sediment eites for periods of t i m e  a f t e r  a r a i n f a l l .  
These sediment sites d i d  not  have surface water during t h e  dryer sea- 
sons (winter  and spr ing) .  The pickerelweed sediment s i te  (P) a t  Ash 
Slough was grouped i n t o  c l u s t e r  I11 f o r  4 out of 6 sampling d a t e s  
(4/79, 10/79, 8/80, and 1/81). For 3 of t hese  da t e s ,  t h e  a c t i v i t i e s  
represented by t h e  t h i r d  c l u s t e r s  (111) were approximately twofold 
higher than t h e  a c t i v i t i e s  of t h e  second c l u s t e r s  (11). The pickerel -  
weed sediment s i te  was grouped i n t o  c l u s t e r  I1 a s  a s ing le ton  f o r  1 
sampling d a t e  (7/79). However, the a c t i v i t y  represented by t h e  
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s ing le ton  site grouped into c l u s t e r  1 x 1  f o r  7/79, a l s o  an a l t e r n a t e  
wet/dry sediment site (O), was approximately onefold more than t h e  
a c t i v i t y  of the cluster containing the pickerelweed sediment s i te  (P) . 
Alterna te  wet/dry sedi~lant sites a t  both Ash Slough and Armstrong 
Slough were grm- h t o  cluster I1 f o r  all sampling dates .  The ac- 
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t i v i t  ies mi by t he  second c l u s t e r s  (XI),  when da t a  from both 
sloughs wege analyzed toge ther ,  were a s  much a s  twenty-fourfold more 
than the aet iv i t  ies of t h e  f i r s t  c l u s t e r s  ( I )  . The sheet  flow sediment 
s i te  (F) at Armstrong Slough, which contained a continuous flow of 
water, was grouped i n t o  c l u s t e r  I1 f o r  2 sampling da t e s  (4180 and 
8 1 . These da t a  suggest t h a t  a l t e r n a t e  wet /dry sediments contain- 
ing  organic matter favor increased anaerobic a c t i v i t y .  
The highest  amounts of aerobic  microbial  a c t i v i t y  represented by 
mineral izat ion and a s s imi l a t i on  r a t e s  were observed i n  sediments corn- 
posed of organic  matter. These sediment s were a l t e r n a t e l y  w e t  /dry with 
flowing water during extended per iods  of r a i n f a l l .  Sediment s i t e s  
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which had a shallow, continuous flow of water a l s o  had high amounts of 
a c t i v i t y .  The sheet flow sediment s i t e  (F) a t  Armstrong Slough had 
a continuous f l o w  of water and was grouped i n t o  c l u s t e r  I11 f o r  2 
sampling d a t e s  ( 7 / 7 9  and 4/80). I n  comparison, t h e  a l t e r n a t e  wetidry 
sediment sites a t  Ash Slough grouped i n t o  c l u s t e r  III f o r  t h e  sampling 
d a t e s  8/80 and 1/81, exhibi ted approximately twofold more a c t i v i t y .  
The a c t i v i t i e s  of t h e  a l t e r n a t e  wet/dry sites grouped i n t o  t h e  t h i r d  
c l u s t e r s  (111) were approximately th reefo ld  more than t h e  a c t i v i t i e s  
of t h e  f i r s t  c l u s t e r s  (I). These da ta  suggest t h a t  a l t e r n a t e  wet/dry 
sediments containing organic mat ter  favor increased minera l iza t ion  
and a s s imi l a t i on  rates. 
Wetlands i n  t h e  Kissinnnee River Valley have been reported t o  be 
e f f e c t i v e  i n  absorbing snd cycling n u t r i e n t s  (1 6,  63, 67) . These pro- 
cesses  a r e  necessary fo r  the removal of n u t r i e n t s  from water en te r ing  
Lake Okeechobee and m y  subsequent reduct ion i n  t h e  eutrophicat  ion 
rate of the h k a .  Thie atudy demonstrated t h a t  Ash Slough and 
Armstrong Slough contained microbial  populations capable of u t  i l i z  ing 
and cycling n u t r i e n t s  wi thin  the de t  ent  ion-retent ion marshes. Also, 
t h a t  d i f  f e r an t  conmunit ies within  t hese  ecosystems vary in microbial  
populations,  and mineral izat ion and a s s imi l a t  ion r a t e s  . 
Those conmunit ies which exhibi ted higher microbial  a c t i v i t y  f o r  
ae rob ic  and anaerobic b a c t e r i a  contained a l t e r n a t e  wet/dry sediments 
with organic mat ter .  These sedimeilts were subject  t o  a flow of water 
during extended per iods  of r a i n f a l l .  They were subject  t o  e i t h e r  
standing water o r  no sur face  water between periods of r a i n f a l l .  The 
a c t i v i t i e s  represented by t h e  c l u s t e r s  (11 and 111) containing a l t e r -  
nate w e t / d ~ y  ssdireart site. were up t o  t h i r t y f o l d  more than those  of 
c l u s t e r  I. Tho artiw&tias frprte@mted by c l u s t e r s  containing com- 
parable  sediment sites which differed because t h e r e  was continuous 
flowing water ins tead  of alternare wer/dry periods, were higher on 1 
sampling d a t e  f o r  anaerobic bac t e r i a ,  and were never higher f o r  
aerobic  bac t e r i a .  The communities which exhibited the highest  fungal  
a c t i v i t i e s  were composed of dry ,  sandy s a i l ,  nozmally without flowing 
water. The a c t i v i t i e s  represented by c l u s t e r s  containing these  sites 
were as much as one-hundred-forty-twofold more than t h e  a c t i v i t i e s  of 
t h e  f i r s t  c l u s t e r s  (I). The a c t i v i t i e s  of a l t e r n a t e  wet/dry sediments 
were comparable to  those of dry, sandy s o i l s  for sampling dates 
during dry periods .  Those sites which exhibited higher microbial 
activity for aerobic bacteria, fungi, and anaerobic bacteria also 
exhibited hggher mineralhat ion and assimilation rates. The activ- 
it ies of the altarpate wat/dry sediment eites grouped into cluster 
III were twtdold mote than those of clusters containing either 
cwnparafrle sediment s i t e s  with a continuous flow of water, or dry, 
aeady soi l  sites. 
GENERAL SUMMARY 
Ash Slough and Armstrong Slough a r e  freshwater detention- 
re ten t ion  marshee i n  the  K i a s b e e  River Valley. These marshes 
receive runoff water from hproved agr icu l tu ra l  land, and serve a s  
nutrient t r a p s  aiding i n  t h e  removal of nu t r i en t s  from surface water 
leaving t h e  marshes. A reduction of nu t r i en t s  i n  surface water 
entering t h e  Kissimmee River would decrease the  nut r ien t  load and 
eutrophication r a t e  of Lake Okeechobee. The design of detention- 
re ten t ion  marshes could influence t h e  microbial population which is  
responsible f o r  cycling nu t r i en t s  i n  the  environment. Some e f f e c t s  
of physical design can be predicted on t h e  bas is  of da ta  presented 
i n  Sections I and I1 of t h i s  invest igat ion.  
Microbial a c t i v i t y  d i f fe red  among environmental samples col- 
lec ted  from various sites within the  detention-retention marshes. 
S o i l  type and moieture amrantly influenced t h e  microbial processes 
measured i n  both sections of 'this invest igat ion.  
In  Section I ,  the  variatfon i n  d e t r i t a l  processing demonstrated 
t h a t  s i te -spec i f ic  dynamics occurred i n  t h e  detention-retention 
marshes. Higher decomposition rates were associated with sediment 
sites containing organic Btatter with e i t h e r  a shallow, continuous 
f Low of water o r  alternate wet / ldrg  periods. Enhanced decomposition 
rates due t o  water flow were particularly evident a t  the  mid-slough 
locat ion in  Armstrong Slough. This locat  ion was normally without a 
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flow of water except f allowtag periods of extended r a i n f a l l  (summer 
and f a l l )  . Decompoeit ion rates increased a t  t h e  mid-slough loca t  ion 
a f t e r  t h e  begidning o f  the ra iny  seasons i n  1979 and 1980. Decompo- 
s i t i o n  rates were lawest a t  s i t e s  containing sandy sediments, and a t  
dry so i l .  -$kt$,? ,~$thout a flow of water. 
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E@. '31, eit e-specif ic dynamics were also observed. 
Higher aezobic and anaerobic microbial  a c t i v i t y  was associated with 
sediment sites containing organic matter with e i t h e r  a shallow, con- 
t inuous flow of water o r  a l t e r n a t e  wetidry periods.  Higher fungal 
a c t i v i t y  was associated with dry s o i l  sites and a l t e r n a t e  wetidry 
sediment sites during dry periods.  Microbial a c t i v i t y  was lowest a t  
sites containing sandy sediments, and a t  water column sites. 
The da ta  suggest t h a t  t h e  design of detent ion-retent ion marshes 
t o  favor t h e  development of c e r t a i n  types of communities could r e s u l t  
i n  optimized n u t r i e n t  removal r a t e s .  Such design should include t h e  
development of cornunit ies containing organic sediments with a broad, 
shallow flow of water. These communities should contain areas sub- 
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